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PREFACE. 



In the following compilation the chief reactions of the more impor- 
tant basic and acid radicals are so correlated and contrasted^ as to 
exhibit in a brief and convenient manner the principles upon which 
various methods of analysis are founded ; and a frequent error is 
avoided — ^that of combining the Practical Manual for the Laboratory 
with the Descriptive Treatise on Elementary Chemistry. 

The reactions are tabulated in the First and Second Parts. 
The various methods which constitute the systematic course of Ana- 
lysis are detailed and arranged, with special reference to the conve- 
nience of the working student, in the Third and Fourth Parts. 

This work is designed to serve as a Manual for the beginner, 
and as a Text-book for examination; its original character consists 
in the arrangement of information which may be found in existing 
Manuals of Chemical Analysis. 

In an Introduction will be found details as to the mode in 
which the work should be used, based upon the experience gained in 
teaching, by this method, the Elements of Analysis. 



W. H. S. 



Jcamary, 1866. 
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INTRODUCTION. 



CoKCERNiNO every material substance there are three things which it is the 
province of Chemical Science, theoretical or practical, to ascertain : — 

First — ^The qtudity of its constituents. Simply what they ara In the compound, 
chloride of potassium (KCl), the basic radical Potassium and the acid 
radical Chlorine are associated as the ultimate elements of which the 
body is composed. The appropriate application of certain tests detects 
the quality of the constituents of any compound. 

Second — ^The quantity of its constituents. The relation of their proportion. 
In the foregoing example, the quantity of Potassium in grains, or in 
terms of any standard we may select, combined with a certain quantity 
of Chlorine, calculated in terms of the same standard. The applica- 
tion of the balance reveals the quantity of the constituents of any 
compound* 

Third — ^The order of arrangement of its constituents. This is a matter of far 
greater difficulty than to determine the quality or quantity of the 
bodies which make up any given substance. It involves questions 
indicated by such terms as ^formulas,* 'atomic weight,' &c., and other 
considerations of a purely theoretical character. 

Analytical Chemistry deals with the first and second of the above aspects of 
bodies, but at the same time, in making manifest the conclusions deduced from 
observation and experience, avails itself of the third question, and introduces theo- 
retical matters in making known its results. 

The whole scheme of operations by which is ascertained the quality of the consti- 
tuents of any substance, and subordinately the properties of any particular body 
which serve to distinguish it from other bodies, is termed Qualitative Analysis, 

Proportion and quantity, in reference to any combination, is the subject of another 
branch of analytical operations, viz. Qua/ntUative Analysis, 



2 INTBODUOTION. 

To identify a body, is, in chemical language, to test it ; that is, to apply such 
agents in a particular manner, as shall most easily and appropriately bring into view 
certain characteristic properties or some special property of that body. This is the 
end of ordinary Qualitative Analysis as usually practised by the student, and is 
attained with comparatively little difficulty. 

To separate the various constituents of any body or mixture of substances, is liable 
to be a more serious matter, and forms as it were the link between mere identification 
and the quantitative estimation of substances when mixed or chemically combined. 

In the present work we are chiefly concerned to ascertain what properties, singly 
or collectively, exhibited by those bodies, more often met with by the analyst, when 
brought in presence of certain other bodies, may be taken as a means of identifying 
or separating them. 

The deportment of chemical substances, under certain conditions and when 
brought in contact with other particular chemical substances — ^the behaviour of bodies 
with reagents — in other words, 'reactions,' form an extensive and complicated basis 
upon which the several modes of analysis are founded. It is clear that these 
reactions must be fully comprehended and remembered before such details can be 
applied to any method of analysis. To facilitate the application of reagents to the 
detection and separation of the numerous bodies with which the analyst is called 
upon to deal, and to aid the memory in remembering the action of such reagents, 
a certain conventional classification is adopted. In the first place, bodies are divided 
into Basic and Acid radicals, simple or compound. Potassium is a simple basic 
radical and Ammonium a compound one. Similarly Chlorine represents a simple, 
and Cyanogen (CN) a compound, acid radical Each of these primary classes is 
again subdivided into Groups, having reference to the behaviour of each member 
of any particular group with some especially selected reagent, hence called the 
Group-test : thus Silver, Lead, and Mercury in the form of its mercurous salts, all 
form with hydrochloric acid, insoluble chlorides. The chlorides of almost all 
other basic radicals are soluble. Hence we obtain a ready method of separating 
any or all of the metals of Group I. from solutions which may contain other metals. 
It is true that under particular conditions, the application of reagents with a view 
to separate groups, is not so simple as this mode of representing it may appear ; 
but the exceptional difficulties which arise constitute so many precautions which 
have to be exercised by the careful analyst. And here again, an intimate know- 
ledge of reactions is absolutely necessary to a successful prosecution of any analy- 
tical scheme. By taking advantage of certain characters pertaining only to a 
Hmited number of members in some of the larger groups, these become again 
subdivided into smaller assemblages ; in this way Group II. (Basic radicals) is split 
up into two sections, depending on the solubility of the sulphides of Section I., 
and the insolubility of those of Section n. in sulphide of ammonium. By the 
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application of less general tests, a still further process of division and isolation is 
effected: thus, it will be observed that chloride of silver is insoluble in water, 
mQicurous chloride is also insoluble, whilst chloride of lead dissolves in boiling 
water. This series of facts enables the separation of Lead to be readily effected 
from thq precipitate thrown down by the group-test. The reactions again of 
argentic and mercurous chloride with hydrate of ammonium furnish a method 
of separating Silver from Mercury. Thus the exhaustive process is carried to its 
extreme limit, and several basic radicals previously contained in the same solution, 
it may be forming different salts, and in this state undistinguishable from one 
another, are isolated and obtained in a condition to be recognised by means of a 
final confirmatory test. The selection of this most special test is to a great extent 
a matter of choice on the part of the operator, provided only that it is conclusive 
as to the presence or absence of the particular radical whose recognition or otherwise 
he has in view. A careful comparison of the several steps in the appended ''Me- 
thod of Analysis for Group I. of the Budc radicals," with the reactions to which 
they refer, will not only fiilly illustrate the mode in which reactions are applied 
in actual analysis, but indicate the value of the method of arrangement adopted 
in this work. 

In attempting to apply a similar set of processes to the detection and separation 
of the acid radicals greater difficulty will be experienced From the peculiar 
nature of their reactions, it is almost impossible to obtain a sufficient number of 
characters, graduating from the general to the special, to enable the analyst to 
proceed in a manner so regularly exhaustive: greater dependence must therefore 
be placed upon the repeated application of more special tests, and especially upon 
the results obtained on submitting the substance to be analysed, to certain processes 
of decomposition, e.g. the decompositions effected by sulphuric acid. 

So far it has been assumed that the substance with which the analyst is con- 
cerned, is in the liquid form. But this is by no means usually the case — generally 
the operator at the outset of his investigations has to do with matter in the solid 
condition, and the process of solution is effected only after certain results have been 
obtained by a series of experiments, or reactions, performed in "the dry way." 
The first set of tables refer to the behaviour of basic radicals with reagents in 
the dry way. The information elicited on exposing a solid body to a high tempera- 
ture, either alone, or in presence of other bodies generally also in the solid form, 
is not so definite or reliable as that obtained on treating the body when in solution, 
in what is technically known as "the wet way." Nevertheless, the performance of 
the blowpipe experiments should never be omitted, since much valuable light is 
frequently thrown upon the subsequent method of analysis by the results of this 
''preliminary examination." The student should, however, never allow any in- 
formation so frimished to induce him to alter or abbreviate the systematic course 

♦ 1 



4 INTRODUOnOK, 

of analysis in the wet way. Considerable experience and skill on the port of 
the operator can alone render such attempts successfdL The whole course of 
systematic qualitative analysis, as thus marked out^ may be divided into three part& 

I. Preliminary Examination (the application of reagents in the diy way). 

II. Solution (the process of converting a solid body into the liquid form). 
IIL Analysis in the wet way (the application of reagents in solution). 

The subordinate operations included in each of these primary divisions are. 
susceptible of a considerable amount of variation, all, however, conducing to the 
same end. It will be clear that an orderly and systematic course must be followed 
in any method of analysis, to whatever extent the details of systems may di£fer. 
This work, in its arrangement, seeks to induce a methodical acquaintance with 
the details of Analysis. A few words as to the manner in which the work should 
be studied. 

A knowledge of the reactions, both of baaie and acid radicals (as detailed in 
Parts I and U.), is essential, before proceeding to the course of actual analysis. 

The radicals are classed in groups, and the reactions of each group are ar- 
ranged to form a separate table. 

As the value of each table, in relation to the analytical course, depends on 
the manner in which it is used, it will be advisable to explain the construction 
of the tables for some one group, selected as an example, e.g. the tables for 
Group IV. pp, 17 and 34. 

Under the name of each radical (Manganese, &c.) is placed the name of the 
salt recommehded to be employed in the experiments (sulphate of manganese, &c.). 

Table on page 17. Heat sulphate of manganese alone, in the outer blowpipe- 
flame; moisten the residue so obtained with nitrate of cobalt, and heat again. 
Perform the same experiment with sulphate of zinc, and so on with each salt 
in succession. Next heat each salt separately in the same order, alone, in the 
inner flame. Then proceed to fuse each salt in the same order with borax on 
platinum wire, and so on through the experiments. 

Table on pa^e 34. Add sulphide of ammonium to sulphate of manganese; 
try the solubility or insolubility of the resulting flesh-coloured sulphide of man- 
ganese (Mn^) in acids, as mentioned. Next add sulphide of ammonium to 
sulphate of zinc, and so on for each radical. Then proceed to the second series 
of experiments with hydrate of potassium and sulphate of manganese, sulphate of 
zinc, &a in succession. 

Thus, the order of the experiments and the reagents to be employed, are 
indicated in the extreme left-hand vertical columns; the similarity or differenoes 
in the reactions of the various radicals with the same reagent, are exhibited in 
the horizontal columns; the reactions of any particular radical with the selected 
reagents, are contained in the vertical colunm under that radical 
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INTBODTJCTION. 5 

Each group should be taken in the order in which it occurs, and completed 
before proceeding to the next. In the case of any group, the experiments re- 
lating to reactions in the dry way are to be performed first, then those relating 
to reactions wiik solutions^ for the same group. 

The notes relating to any particular reaction should be carefully studied before 
performing the experiments. It is intended that the student should himself supply 
the formulae required to complete the equations, the latter being completed only in 
particular instances. 

It will be evident that many of the reactions detailed in the First and Second Parts 
of this work have little or no reference to the methods by which the radicals 
themselves are sought for in actual analysis. But each reaction will afford, under 
appropriate circumstances, a mode of recognising the radical to which it refers, and the 
careful performance of each experiment will do more to impress upon the learner the 
characteristics of the Aumierous salts thus brought under his observation, than any 
amount of book-reading. 

Having mastered the reactions in the tables (both in the dry way and in solution) 
for any one group, the student should then construct for himsdf a method for the 
detection of one, or separation of two or more of its members, by the wet way, and 
apply such a plan to the actual analysis of a salt containing one member of the 
group, previously making a preliminary examination based upon the reactions in 
the dry way. The analysis of a series of salts should then be undertaken, each salt 
containing a different member of the group, until certainty and facility are obtained 
in the determination of any of its members. 

The next group may then be taken and a similar plan adopted, and so on for each 
group. 

The Tables of reactions for acid radicals should be studied in a similar manner. 

The next step is to determine both the basic and acid constituent in the same 
single salt (this however may be omitted at discretion), and, finally, the course of 
analysis, made as complicated as the student's powers will allow, may be undertaken 
according to the methods detailed in Farts III. and lY. 

Vnieiieyer the analyns of any Bnbstance is oommenoed, with a viow to detenniiie the basic or the acid 
constituent^ or both, every step should be carefully written out, as it is taken. It will be found oonve- 
nient to record these notes in three parallel columns ; the experiment performed, In the first, the result of the 
experiment, in the second, and the inference as to the presence or absence of any bodies, in the third. Thus : 



EzpBBnovT. 
Hydrochloric acid, in an add 
solution. 

FUter. 
Precipitate, wa^ed with cold 

water. 
And boiled with water. 
Sulphuric add, added to solution 
in water. 



Besult. 
White predpitate. 



iKVEIlXKOa. 

Presence of Silver, Lead, or Mer^ 
cury. 



Ptesence of Lead. 
Confirms presence of Lead. 



Predpitate entirely dissolves. 

White predpitate. 

The plan of recording notes of analyns will^ however, require modification according to circumstances. 
At an examination, the above plan wiU be found to possess advantages. (See also next page). 
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INTRODUCTION. 



METHOD OF ANALYSIS FOR GROUP 1/ 

The analysis of the members of this group is commenced by converting them into 
chlorides. The reactions of their chlorides with water and hydrate of ammonium 
(Or. I. col. I.)* afford the necessary conditions for detection or separation. 

Qroup-test = Hydrochloric Acid (Or. L coL l) 

The solution to be examined is either acid or neutral. 

(A few drops of the acid will in this case be sufiScient to determine the presence or 
absence of members of this group.) 

Hydrochloric acid fails to precipitate Lead from dihiie solutions (Or. L coL I. 
note a) ; hence the non-formation of a ppt upon adding hydrochloric add does not 
prove the absence of this metal. K present it will be detected in the analysis of the 
following group. (Or. L coL ll.) 

Hydrochloric acid precipitates along with members of this group, OxycUoridea of 
Antimony cmd Bismvih^ from their solutions ; these re-dissolve in an excess of the 
precipitant, (Or. II. sect. I. coL in. Gr. II. sect ll. col. Hi.) 



Analysis of Precipitate peoduced by Htdbochlobio Acid, in an Acid ob 

Neutral Solution. 



FUter. 

Waah the ppt. with cold water and 
add the washings to the filtrate. 

Treat the ppt. with boiling water 
<Gr, I. col. I.). 

Filter. 

Treat the ppt. with hydrate of 
ammonium (6r. I. ool. i.). 
FUter. 



Black residae (Gr. I. coL i.). 



Filtrate may contain members of 
other groups. 

Turbidity on adding the washings. 



Filtrate may contain Lead. 



Filtrate may contain Silver. 
Indicates presence of Mercuiy. 



Set ande for farther examination* 



IVesence of Antimony or Bismuth 
(Gr. II. Sect i. and n. coL m.). 

Add sulphuric add. 
white ppt. s SuljikaU of Lead (Gr. 
I. ooL vn.). 

Add nitric add (Gr. I. ooL i.). 
white ppt. s NitraU of aUver. 

Dry the rendue. 
Mix with carbonate of sodium. 
Heat in a bulb-tube (pe.^ Or. I. 
ool. n.). 
Grey sublimate^if eto/Jic if erctify. 



/ ':>. ! '^ 



* The columns referred to are in all cases the horwnAuX columns. 



intboductiok; 



Precipitate produced bt Hydrochloric Acid in an Alkaline Solution. 



The formation of this precipitate depends on the fact that certain salts, not only 
of this group, dissolve in alkalis or alkaline salts, which do not dissolve in water 
or hydrochloric, acid* On adding hydrochloric acid, the alkali or alkaline salt is 
decomposed, and the salt held in solution separates. 

Thus chloride of silver dissolves in hydrate of ammonium (Or. I coL i.) ; 

Aga + NH,HO + HC!l = Aga + NH,C!l + H,0 
solution ppt. solution* 

Tersulphide of antimony dissolves in sulphide of ammonium (Qr. II, sec. L coL L) ; 

SbJS, + (NH,)^ + 2Ha = Sb,S, -f 2NH,a + H^ 
solution ppt, solution escapes as gas. 

In a similar manner if an alkaline carbonate or cyanide is the cause of solution, on 
adding hydrochloric acid, decomposition ensues, with evolution of carbonic anhydride 
or hydrocyanic add gas. ^ 

Further details as to the contingencies which might arise from the addition of 
hydrochloric acid to an alkaline solution, are omitted here, since from their com- 
plexity they would be liable to lead to confusion, and are not of any practical value to 
the beginner. 
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INTBODXJCIIOir. 



TABLE OF ATOMIC WEIGHTS 



EMPLOYED IN THE FOBMULA 



Baaia eUmenta — 




Potassium 


K. 


Sodium 


Na. 


Lithium 


Li. 


Baiium 


Ba. 


Strontium 


Sr, 


Calcium 


Ca. 


Magnesium 


Mg. 


Aluminium 


AL 


Chromium 


Cr. 


Iron 


Fe. 


Mai^ianese^ 


Mn. 


Cobalt 


Co. 


Nickel 


m 


Zinc 


Zn. 


Cadmium 


Cd. 


Copper 


Ctt. 


Silver 


Ag. 


Mercury 


Hg. 


Lead 


Pb. 


Bismuth 


Bi. 


Tin 


Sn. 


Antimony 


Sb. 


Platinum 


Pt. 


Gold 


Au. 


Hydrogen 


H. 





Acid dementi — 






39- 


Chlorine 


a 


35-5 


23- 


Bromine 


Br. 


80- 


7- 


Iodine 


I. 


126- 


68-5 


Fluorine 


FL 


19- 


4V 


Oxygen 


0. 


16- (doubled) 


20- 


Sulphur 


s. 


32- (doubled) 


12- 


Carbon 


a 


12- (doubled) 


13-7 


Boron ; 


Ba 


11- 


26- 


Silicon 


Si. 


22- 


28- 


Ik 

Nitrogen 


N. 


14- 


27:5 


Phosphorus 


P. 


31- 


ao- 


^leeniA 


Aa. 


75- 



29- 
32-6 
«6- 
32- 
108- 
100- 
103-5 
208- 
68- 
120-3 
98-7 
197- 
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INTRODUCTION. 



CLASSIFICATION OF THE BASIC RADICALS, 

Geoup I. 

Basic radicals, which are precipitated from their solutions as Chlorides, by 

Sydrochloric Acid. 

Silver, 

Lead 

Mercury (mercurous salts). 

Gbotjp IL 

Basic radicals, which are precipitated fix>m their acidified solutions as Sulphides, 

•^ by 3ydrosulphur%c Acid. 



Section I. 

Sulphides, soluble in Sulphide of 
Ammonitfm, 

Tin. 

Antimony. 

Arsenic. 

Platinum. 

Gold 



Section IL 

Sulphides, insoluble in Sulphide of 
Ammondvm. 

Mercury (mercuric salts). 

Bismuth. 

Cadmium. 

Copper. 



gboup in. 

Basic radicals, which are precipitated from their solutions as Hydrates, by Hydrate 

of Ammonivm in the presence of Chloride of Ammonium. 

Aluminium. 
Chromium. 
Iron (ferric salts). 

Group IV, 

Basic radicals, which are precipitated from their solutions as Sulphides, by SvJphide 

of Ammoniv/nu 



Manganese. 

Zinc. 

Cobalt. 



Nickel 

Iron (ferrous salts). 



Group V. 

Basic radicals, which are precipitated from their solutions as Carbonates, by 

Carbonate of Ammoniwm. 



Barium. 
Strontium* 



Calcium. 
Magnesium. 



Group VI. 

Basic radicals, which are not precipitated from their solutions by reagents which 

precipitate the other groups. 



Potassium. 
Sodium. 



Ammonium. 
Lithium. 



r 



PART I. 



BASIC EADICALS 
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The blowpipe flame oonaistfi of an wier and an iwMT part 

The ovAer or oxUUring flame is the outer yellow cone. 

The greatest oxidising effect is produced at or }u8t beyond the point of this cone, 
since the substance to be oxidised is here stronglj heated and at the same time is in 
immediate contact with the oxygen of the air. 

The inner or reducing flame is the inner blue cone. 

The g^reatest reducing effect is produced juit beyond the point of this cone, since the 
substance to be reduced is here subjected to the greatest heat> and at the same time 
brought in contact with unbumed matter of the flame, ready to take up oxygen. 

All substances should be reduced to a fine state of subdivision in a mortar, if not 
already in that condition, before subjecting them to the action of the blowpipe flame. 

The flame should be allowed to impinge dawly on the charcoal or other support 

To form a Borax bead on platinum wire, the wire should be twisted at one end 
into a loop, the moistened wire then dipped into Borax and heated in the outer blow- 
pipe flame, if necessary more Borax may be taken up, and again heated, and so on until 
a clear, round bead is formed on the loop of the wire. 

Ths smaileat poedble qwmtity of the substance to be experimented upon, should be 
allowed to adhere to the Borax bead. 

Fluxes (such as carbonate of sodium) should be reduced to a fine state of subdivision, 
and intimately mixed with the substance to be fused, before applying heat 



N.B. The conventional terminations -oim and -te, frequently employed throughout 
these pages, have reference to the relative proportions in any salt, of its basic and add 
constituents. 

The salt which contains 

the greatest number of equivalents of basic radical ] .. - a i i. x -ni /a \ 

r , ^ ^ . 1 X .. .^ J. 1 H -^^^ 8^*> ®-fr ^c"^"8 Sulphate Fe, (SoJ. 

to the least number of equivalents of acid radical j jt « > 4/ 

The salt which contains 
the least number of equivalents of basic radical 
to the greatest number of equivalents of acid radical 



, , !• = -{c salt a g. Ferric Chloride Fe. Gl.. 
ical j 
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BEHAVIOUR OF BASIC RADICALS WITH REAGENTS 

IN THE DRY WAY. 



N.R The Blowpipe is to be used in all the following experiments, unless the contrary is stated. 



GROUP I. 



Nitrate of Silver. 



UBAD 

Acetate of Lead. 



Mercnrons Salts 
Subnitrate of Meroury. 

Mercuric Salts 
Chloride of Mercury. 



Heated on Charcoal. 

i. In the oviUr flame. 


ncm-Yolatile. 

Dark-red taumutatioii^ 


non-volatile. 

Coloured incnistation. 
Orange (hot). 
TeUow (cold). 


Yolatile. 

Dense white incrustation. 


ii. In the ttiner flame with 
Na,CO^ 


White metallic globules'- 


Metallic globules. 
With yellow incmstatloii'. 




Fused with Carbonate 
of Sodium. 

. In a glaai bulb-tube, or tube 
cioeed at one end. 


* 




Grey sublimate, 

on cool part of the tube'. 




1 This doM not occur with all ar- 
gentic baIUl 

s The best waj to render reduced 
metallic gnuna vlalhle, m well m to 
test their malleefalU^, in sll cues, is 
to scrape off the reonced mass from 
the charcoal, and wash it br tritu- 

tillea water, when the metal becomes 
distinctljTisible. 


1 The metal maj be eaallj reduced 
without the aid of carbonate of 
sodium. 

s This incmstation is produced, 
because metallic lead is volatile at 
a led heat, and the oxide itself at 
a still higher temperature. 

The put«r /ome in this experl- 


1 The salt Is decomposed, the me- 
tal volatilises and condenses upon 
the cooler neck of the tfibsi/ 
2flga -f KaeOOs<= HgaOOa + SNaCl 
and 
Hgi OOs s SHcL + OOs + 

The mercniysalt must be anhydrous, 
and therefore should be dxleid, and 
the carbonate of sodium ignited, 
before use: with certain salts how- 
erer (chlorides) which are volatile 
without decomposition, the mixture 
must be moistened with water, and 
then Siq0MUi|l gen^ hcalfft>efore 
applying the blowpipe Hame. 



T.^« 



7 






Si 



191 



p §IJ 









m 



J J 

Ml 

1 "11 



•3 



till 

rii 



s.«f . 



o g „ J^ a 



ill 
-ill 



11 



s'J \h\\ 



k 



»|||-8| i-ga lit 

aS g.= 3^ Site, ^fe 

3 t) 8 

a S 



n 



1 

Tliilll 



"■i 



S 5 I 



^sH 



1 



"^ - 

2 S 

I I 
11-! 



illi 

1! 



Ifll 
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GROUP IL Section ii. 



BISMUTH. 

Sttbnitrate of Binniith. 



CADMIUM. 

Chloride of Cadmium. 



COPPER. 

Sulphate of Copper. 



Heated on Charcoal. 

i. In the oukr flame. 


Fuse to a Brown mass. 

On cooling becomes Yellow. 




* 


iL In the ifnmr flame. 


Metallic globules'. 

MLUe, 

With yellow incnistation. 


Bed-brown incrostation^ 


Metallic particles ^ 


Heated on Platinum 
Wire with Borax. 

i. In the outer flame. 


Coloured bead*. 

Yellow (hot). 
Colourless (cold). 


Transparent clear bead. 

If Mrfuroteci with Cadmium salt, 
becomes mUh^MU on cooling. 


Coloured bead. 
Green (hot). 
Bine (oold). 


ii. In the inntr flame. 


• 


' ' 


a 

ColonrleBS (hot). 
Brick-wd* (cold). 




1 The redtiction of meUI is fadU- 
tated by the lue of carbonate of 
Bodiam. 

The incrustation Is also more ap- 
parent when this flux is entployed, 
sinee metallic bismuth is more vola- 
tUe than the ozldei 

thie salt should be used, as other> 
wise the bead becomes opaquei 

BoroM on PuMmam Vrirs, sery 9m4M 
qwaiUUiu of Hu sotttlo 5e Uattd 
ihovid 5e Mwloyedi imleai oChenoise 


1 The metal is reduced, Tolatains, 
re-oztdises as it passes through the 
outer flame^ and condenses on a cool 
part of the cbaiooal as red-brown 
ozida 


1 The reduction of metal is fiMili- 
tated bj the use of carbonate of 

The colour (copper-colonr) of the 
partidesischaiaoCnlstic. If washed 
m a mortar, the colour and malle- 
ability become Tery apparent 

s It U necessary here that the bead 
should be fuUj latiizated with the 
salt of copper. 
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GROUP III. 



AIbUMENIUM. 

Sulphate of Aluminium. 



Sesquichloride of Chzomiom. 



IRON. 

Ferrous Salts 
Protoflulphate of Iron. 

Ferric Salts 
Perchloride of &on. 



Heated on Oharooal. 

i. In the outer flune. 
a. Alone. 


Inftudble. Incandescent 
mass. 


Inflisible. Green residue ^ 


Inftisible. Colonredresidne. 

Brown (hot). 

Bed (ooid). 


/3. Betidue moistened with 
CoNO,. 


Blue coloration ^ 






ii. In the timer flame. 






Inftisible. Black residne. 


Heated on Platinum 
Wire with Borax. 

i. In the oufer fUme. 


Colonrless bead. 


Green bead. 

• 

• 


Coloured bead^ 
Bed (hot). 
Yellow, ) 

or • (oold). 

Colourlesd ) 


ii. In the inner flame. 




Green bead. 


subtly Yellow (hot). 
Bottle-green, 

or ' (oold). 

Colourless ) 




1 Intense haat mmt be applied to 
prodiioe this oolomtion, wUch is ez- 
tremelj cheractcristle. 


1 Both ebromons end diromie salts 
befaare In tUs manner. The ebro- 
mons having this tendency to pass 
intoaldgher stote of oxidation, an 
pownfol radndng agents. 


> The rariaUons in oolonr depend 
on the quantity of iron salt present 
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GROUP IV. 



MANOANSSE. 

Sulphate of MangaDeae. 



ZINO. 

Sulphate of Zinc. 



OOBAI.T. 

Nitrate of Cobalt. 



NIOKEL. 

Sulphate of Nickel. 



Heated on Char- 
coal. 

i. In the outer flame, 
a. Alone. 


Inftisible. Brown re- 
sidue. 


Infasible. Incande- 
scent residue \ 

Yellow (hot). 
White (cold). 

Green coloration* 


Infusible. Dark-green 
powder. 


Infusible. Greenish or 
Dull-black residue. 


p. Residue moistened 
with CoNO,. 








ii. In the inner flame. 




White mcrustation* 

(diBtant.) 






Fused on Plati- 
num Wire with 
Borax. 

i. In the <mter flame. 

• 


Colonred bead. 
Amethyst. 


Clear bead'. 


Coloured bead^ 
Blue. 


Coloured bead. 

Violet (hot). 
Bed-brown (oold). 


ii. In the inner flame. 


Colonrless\ 


Milk-white^ 


Blue. 


Grey*. 


Fused on Plati- 
num Foil with 

Na,Oa+KNO,. 


Bluish-green colora- 
tion (oold). 




. 






on extremely minute quantltj 
of minganese salt. 

Hie bead aasiimee a iiink co- 
lour before beoomlng ooloor- 
lea. 


1 The brilllaatlneendeecence 
If chMTMierirtlc. The ooloni- 
Uon onlj appeen on removal 
from the ftaine. 

s Ab has been pointed oat In 
analogous casee, redaction of 
metal first takes place, the 

and condensing on acool part 
of the charcoaTsapport. 

• If sataxated wOh the sine 
salt. 

4 Intense heat should be a- 
▼olded, or redaction of metal 
takesDiac^ and the metalallOTB 


1 Bj the colour of this bead, 
oobau may be recognised eren 
in the preaenoe of ouiar metala 


1 On adding nitrate of po- 
tassium to this bead, and heat- 
ing again in ihi oeBUMMoflasm* 
it assumes a purple tint. 

• 
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GROUP V. 



BARIUM. 

Nitrate of Barium. 



STRONTIUM. 

Nitrate of StroDtium. 



OAIaOIUM. BIAONSSIUM. 

Chloride of CSalcitun. Sulphate of Magneflium. 



Heated on Char- 
coal. 

In the outer flame, 
a. Alone. 



p. Beddue moistened 
with CoNO,. 



Inftttdble re8idve\ 

Slightly inoandeaoent. 



Inftisible residue \ 

Slightly inoandeaoent. 



Inftudble residae \ 
Hi^ily incandescent*. 



I 



Heated alone on 
Platinum Wire. 



Flame is coloured*. 
Tellowish'green. 



Flame is coloured*. 
Crimson. 



Inftudble residue ^ 
Highly incandescent. 



Flame is coloured. 
Orange-red'. 



Pale pink coloration*. 



t Chloildfll teomidU »d 
Iodide^ of Mrinin rasut de> 
oompoeitioii into the oxide, and 
henoe ramain as a ftued man 
upon the charooaL 

* An aloohoUe solution of a 
barinm nU manifests this re- 
action equidly well. 



1 Ohloridc^ biomldfll» and 
iodide^ of d&ontium (ehare 
like the oorreepondlng salts of 
tMuriom. 

* An alcoholic solution burns 
with a crimson flame. 

The colour is MToeptlhie in 
presence of a barium salt. 



1 rh i^w44ia/ bromide^ and 
iodldef ramsAn undeoompoeed. 

* The incandescence Is ob> 
servedboth in the case of the 
oxide«4pkUndecoinpo8ed dUo- 
ridflLbibmide.<MifIodide. 

* Pore calduni gires a red 
flame, the orange tint being 
due to a trace of sodium. 

The flames of strontium 
and caldnm should be oare- 
fUlljr compared, as some con- 
cision is liable to occur in 
deteRniniag between the co- 
lours of these flames. 

Calcium cannot be detected 
by the coloration of its flame, 
in prenenoe of strontium. 



1 If wateris p r eeent> the chlo- 
rlde, bromide, and iodide of 
magneslom deoampoee abo— 
thus: 
2]iKa-MIfO«MgiO + SHCL 

* ux pre sence oTother me- 
tallic oxides tUs oolorataon 
does not oonir. 



V 



r 
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GROUP VI. 



POTASSIUM. BODIOM. 

Kitnte of PotMmam. So^fakte of Sodiam. 



AMMONIUM. LITHIUM. 

Obloride of Ammoniiim. Chloride of lithiiun. 







if 


Volfttile. 




Heated on Char- 


Fuse into the char 


Fuse into %b ohar- 


White incrustation. 


Fuse into the char- 


coal. 


coal. 


eoal. 




coal 


In the outer flame. 










Heated on Plati- 


Flame is coloured^ 


Flame ia colonred\ 




Flame is coloured. 


num Wire. 


Violet 


Tellow. 




Carmine^ 




1 Pifft of the salt TOtetlHiM 


• 

I Sodium salts are more vola- 








(ainoe osrtoiii aalto of potM- 
■lam, espedAllj the cbloTide 


tile at an Intenae red heat than 




sembles that of strontimn, bat 




the oomsponding potasslnm 




dilftFB from it in eontamin< 




and ninM& ToUtUln at an 
iBtenae red heat) and it decom- 
poied by the carboaaoeou oon- 


aalta^ henoe the coloration of 
the Bodinm flame ia mora 




leas yellow. 
Pneence of saUs of sodittn 




marked. 




obecBXMthisveaettoiL Potas- 




stitaents of the flame. Potas- 






sinn dni» ikA nMtttially inter- 




Rimn ia aet fine In ttie form of 


• 




ten. 


• 


▼aponr and tmnu with the 
chaneteristle yiolat flame. 

The oolomtlon ia not per- 
ceptible to the naked eye in 
pveeenoe of aodiom. The in- 
ierpoeltlon of a piece of dark 
bfaieslaaa between the eye and 
the flame renders It perfectly 


















▼Iglble, einoe the bine glaaa in- 










teroepto the yellow rays of the 










•odlnm flame. 
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THE PROCESS OF SOLUTION. 



(1) All bodies must be reduced to the liquid state (if not already in that condition) 
before the experiments in the following tables can be performed. 



(2) The following solvents are usually employed in analysis, and are applied suc- 
cessively in the order here given: — ^Water. Hydrochloric Acid. Nitric Acid. • Nitro- 
hydrochloric Acid. 



(3) The substance must be reduced to a fine powder in a mortar, before proceeding 
to dissolve it, in order to facilitate the action of solvents. 



(4) The solubility or otherwise of any solid in a solvent may be ascertained by boiling 
the solid in the liquid, allowing the undissolved residue (if any) to subside, decanting the 
supernatant liquid, and evaporating a portion of the latter on platinum foil. If a residue 
remains on the foil, the solid may be deemed sufficiently soluble for all ordinary jpurposes. 



(5) Decantation should always be preferred to filtration, in the process of solution, if 
possible. 



(6) Before treating any substance with acids, the student should endeavour to deter- 
mine the particular acid which is likely to be applicable to any given salt, as an inference 
from the preliminary examination with the blowpipe, or by a reference to the tables of 
reaction. 

e.g. If Silver, Lead, or Mercury, have been detected by the blowpipe experiments, 
and water fails to dissolve the salt operated upon. Nitric Acid must be employed as 
the solvent (Gr. I. col. i). 
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(7) The above acids should be employed in a toUrahly concmUrated form and in 
atnaU qwxntUtf. Any i-equired amount of dilution can readily be obtained after boiling 
with the strong acid. Some bodies dissolye in dilute adds which will not dissolye 
in strong acids, whilst other bodies dissolve in the latter ftud are reprecipitated on 
dilution. In the latter case the substance must be treated as directed in the following 
paragraph. 



(8) If a body resists solution in water, hydrochloric acid, nitric acid, and nitro- 
hydrochlorio acid, it must be well mixed with four or five times its weight of dry 
carbonate of potassium and sodium, fused in a porcelain crucible (over a gas burner 
or in a furnace) and allowed to cool. The fused mass must then be treated with 
water, and heated; If water fidls to dissolve it, the adds mentioned in (2) must be 
employed, but in all cases the mass must be well washed with water in order to 
remove any soluble bodies which may be present. 



(9) In the case of compounds of cyanogen, in order to guard against possible 
oontiagencies, the substance should be decomposed by boiling with solution of hydrate 
of potassium, and some carbonate of sodium ; the residue washed and dissolved in acid. 



3—2 
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GROUP II. 



METALS WHICH ARE PRECIPITATED FROM SOLUTIOKS OF 

THE PRECIPITATE SOLUBLE IN 



TIN (Stannous salts). 
ProtoChloride of Tin. 



TIN (Stannic salts). 
Bichloride of fTin. 



ANmSOXffT (Antimonipns salts). 
Terehloride of Antimony. 



-H-^^: 



I. 

HydroBul- 
phuric Acid. 



JSnCl+H^ = 

dark-brown Sn«s 

■ol. in aulpbide of ftmmoniuina, reppt. 

by hydrochloric acid/3. 
■ol. in hydrate of potaasiaro, reppt. 

unchang^ by hydrochloric acid. 
insoL in carbonate of ammonium. 



^N 



II. 

Hydrate of 
Potassium. 



III. 
Water. 



I ' 



1% ' I 

Mercuric 
Chloride. 



V. 

Oupric 
Sulpnate. 



VI. 

Nitrate of 
Silver. 



9SnCl.-f3H,S s= 

yellowa SnA 

sol. in sulphide of ammoninm, reppt, 

by hydrochloric add. 
BoL in hydrate of potaamnm. 

inaoL in carbonate of ammoninm. 



SnCl + KHO 

white SnHO 

sol. in excess of hydrate of potassium. 
On boiling this solution, metallic tin 
is separated 7* 



SnCl-fiHgCl s 

^irtiite Hg,a 

decomposes when heated with excess 
of stannous chloride, with sepa- 
ration of metallic meicuiy 8. 



3SnC1t+4KH0 - 

White H^,0, 

stannic add/). 

sol. in excess of hydrate of potassium. 



iSnClt+aHsO » 

white 



...HaSn,Oa 
stannic add. 



a The ppt. is onlj partiaUy solable In ordi- 
naiy supliide of smmoiiiiim [(NH4)tS]~lt 
only dlBSolTM completely when a higher sol- 
phiaetouBed(NH4ji8«. 

fi Hydrochlorle acid repredpitates as stannie 
snl^de (SmSt). 

y rut of the tin beoomea ozldlMd at the 
nee of the other pert— ihns : 

HrfO+Sna. 

5 Staonoae chloride remores ofl the oilo- 



•^ 



SnHO -f SKHOsKsSnaOa 't-3HiO -(• Snj 



line firom the merciuy, and metalUc mernuT 
■epaimtes as a mj depodt Hence the valne 
or stannooB chlonde ae a redndng agent 



a Alkaline solotioM are not precipitated. If 
the utiiiinwMfihloride la In exoeas the ppt. 1b 
white! ' 

fi The ialta of stannic add have the general 
formula MaSflOs. 

Another modification of the hydrate ex- 
iata, aa MeUukmnic wHd^ having the formnla 
H loSn ioO| (. It ia prodnced by the action of 
concentrated nitric add npon metallic Tin, aa 
a white powder. Ita aalta have the general 
fonncda MaH^toOia. 



3SbCl, + 3HaS s 

orange (charmoteristio)a...8biSa 
soL in sulphide of ammonium. 

soL in hydrttta of potassium. 

insoL in carbonate of ammonium. 



3SbCl,4 6KHO » 

white (flocculent) Sb.0, 

soL in excess of hydrate of potassium. 
insoL in hydrate of ammonium. 



iaSbCl,+ i5H,0 » 

white «SbCl,.5Sb,0, 

powder of algaroth^. 
sol. in tartaric addy. 



a This ppt. only fonns completely In an - 
add aolution. <Q 

/i BbaOs should be diaadved in hydrochloric^ 
add, eraporatedto a amall balk, and then 
poured into much water, idien the i^te oxy- 
chloride will be predpitated*. 

y This reactl<m diatingniahea aatimottious 
oxychloride firom biamuthic osyehloilde (see 
Blamnth, Or. IL Sect el). 

* Thia ppt. wHl often appear on aimply di- 
luting aomtlDna of aatlmonioua salts. It 
may uen be removed by hydrooidorie add. 
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Section i. 

their salts, as sulphides, by hydrosulpuuric acid, 
sulphide of ammonium. 



ANTIMOXffT (Antimonic salts). ARSENIC (Arsenious salts). ARSENIC (Arsenic salts). 
Antimoniate of PotMsiam. Anenioas Acid. Arsenic Acid. 



3^bO,a + 5H^ = 

orange-yellow /3 Sb^ 

soL in sulphide tf ammonium, reppt. 

by hydrochiorio acid. 
soL in hydrate of potassium y. 



SbCl«+4H,0 

white HaSbO, 

metantiinonic acid d. 

sol. in hydrate of ammonium, 
sol in water, reppt. by acidR. 



2H,A80sa+3H,S = 

orange/3 AsjSb 

Bol. in sulphide of ammonium, reppt. 

by hydrochloric acid, 
sol. in hydrate of potassium. 

sol. in carbonate of ammonium. 



aH,A804+5H,S « 

yellowa AsjSs 

soL in sulphide of ammonium. 

sol. in hydrate of potassium.. 

soL in carbonate of ammonium. 



■? 



I. 

Sulphides. 



II. 

Hydrates and 
Oxide. 



III. 

Hydrate and 

Oxychloride. 



a If the ftdd metontimoniate of pctandiim. 
or sranular antimoniate (such as ia employed 
in lertliur for sodium) is used, the fonnula 
KcHcSbflO? must be substituted forthe above. 

fi Presence of tartaric add prevents pre- 
cipitation. 

y Antimoniate of potassium separates on 
standing, as a crystalline ppt. 

I Strictly the above reaction consists of two 

{larts, an ozychloride of antimony being first 
bxmed thns :~8bCla + HsO > CUSbO -f 2Ha 

and 
ClaSbO + SHsO = Bs8b04 + 3HCL 
Metantiroonic acid is very unstable, rapidly 
passing into antimonic acid. 

HaSb04-HsO = HSbOs. 
Hence in many works the product of the re- 
action of penta-efaloride of antimony with 
water, is called antimonic add. 

There are three modificationB of antimonic 
hydrate — 

AntimaiUiii Aeid (HSbOa)— formed flrom 
metallic antimony and agiut regia. 

MeiamUmonic Acid (Ua8b04) formed as 
above. 

PantiMmanic Add (H48bfl07) formed by de- 
composing an alkaline antimoniate by an add. 
Tbifl is the metantimonlc add of Fremy and 
other chemists, forms two classes of salts 
M^SbiO? and MaHsSbtO?. It is anah)gous 
in its properties to metantimonic add. 



^HaAsOs 

+ ^ + 3CusS043= 
6NH4HO 
green ^CuaAaOaC 

soL in hydrate of ammonium and 
acids. 



HjAsO, I 

+ [+3AgN0,= 
3NH,H0) 

yellow AgaAsO, 

sol. in hydrate of ammonium, nitric 
acid, and acetic acid. 



aHjAsO^ ) 
6NH4HO ) 

bloishgreen 2CuaAs04 

sol. in hydrate of ammonium. 



HjAsO^+SAgNO. = 

brick-redv AgaAsO^ 

sol. in hydrate of ammonium, nitric 
add and acetic add. 



Mercurous 
Chloride. 



V. 

Cupric Anienites 
and Arseniates. 



VI. 

Argentic 

Arsenites 

and Arseniates. 



a Arsenious add is only known in the state 
of aqueous solutions. It may be prepared by 
boiling arsenious anhydride (white arsenic) in 
water, on cooling a portion of the latter Is 
held in solution. 

B Alkaline solutions are not predpltated : 
the above ppt only occurs in presence of a 
free add, such as hydrochloric acid. 

y The oxide is obtained when ores of metals 
containing arsenic are roasted. It occutb in 
two varieties, the vitreous and crystalline. 

5 The aqueous solution of arsenious add 
used in this and the following experiments 
must be exactly neutralised by hydrate 01 
ammonium, otherwise no elTect is produced. 

« Known as Scheele's green. 



a The ppt. does not form immediately, 
even in a oonoentrated addifled solution : 

Erolonged passage of hydrosulphuric add 
I required to throw down the sulphide. The 
ppt Is most completely formed by boilinff 
arsenic add solution with sulphurous add 
until no odour is evolved, thus produdng 
arsenious add (HsAs04 + HsSOs « HaAsOa 
+ HSSO4), then pMsiog hydrosulphuric add 
gas. 

The sulphide as above seems to be merely a 
mixture of one atom of tersolphide (As^a) 
and two atoms of ralphnr. 

{I The oxide is obtained hf oxidising arae- 
ous anhydride (As^iOa) or arsenious add 
(HsAs^ by means of nitric add. It oc- 
curs in the form of long prisms, containing 
2H>AB04-f-H|0. 

y The ppL Is mami riiwnpletely formed when 
the solution of arsenic add is neutralised by 
hydrate of ammonlmn. 



CuJM 
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GEOUP II. Sbction I. (Continued.) 

METALS WHICH ARE PRECIPITATED FROM SOLUTIONS OF THEIR SALTS, 

AS SULPHIDES, BY HYDROSULPHURIC ACID, 

THE PRECIPITATE SOLUBLE IN SULPHIDE OF AMMONIUM. 



PULTINUM. 

Bichloride of PUtinum. 



OOLD. 

Terchloride of Gk>ld. 



I. 

Hsrdrosul- 
phuiio Acid. 


aPtCl,+2H,R 

brown-black a t^tgS, 

Bol. in sulphide of ammonium, reppt. by 
hydroehlorio acid. 


aAuClj+sH^ = 

black AuA 

■oL in sulphide of ammonium, reppt by hy- 
drochloric add. 
■oL in hydrate of potassium. 


I. 
Sulphides. 


II. 

Hydrate of 
PotuBlum. 


• 

Pta,(+HCl) + XH0i8= 

yellow (aee iv) KPtCI, 


Tlie formula of the hydrate^ produced by the 
action of hydrate of potassium not in 
exosM on auric chloride, is not known a. 


II. 

Chloro- 
Platinate. 


in. 

Iodide of 
Potusium. 


PtCl,+ «KI 

brown7 Pti. 

'BoL in alcohol, forming a yellowiah-green 
solution. 


Aua,+$KI = 

green/s Aui. 


111. 
Iodides. 

• 


IV. 

OUoride of 
PotaMium. 


pta,+K.a 

yellow« KPtci, 

inaoL in aloohoL 




IV. 




Chloro- 
PUtinate. 


V. 

Ferrous 
Sulphate. 




AuCl, + 3Fe^047 = (FeJ^SOJ, + Fe,Clai 

brown, powder' Au 


V. 




Beduotum of 
Metal. 


VI. 

Stannoui 
OUoride. 


The addition of stannous chloride to a soltl- 

oess of hydrochloric add, gives a 1»own 
solution e. 


AuCla(+HCl) + SnCl = 

purple AuSngO,? 

Purple of Casduse. 


VI. 

Purple of 
Casdus. 


« 


a The ppt' d098 not unallj form immedUtdy, 
heat promotes its formatton. In an alkaline solution 
the precipitation la only pwtlaL 

/i The hydrate is only produced when hydrates 

nitrate. 

y The ppt only forms npon standing or heating. 
The eolation is cofoured immediately. 

8 In dilate solntions the liqoid, after adding chloride 
of potasiiam, must be eraporated to dxyneai, sod the 
rendne treated with alcohol 

chloride to the condition of pUitinous chloride fPtC^. 

• 


a If hydrate of potassinm in excess \m added to a 
eolation of anric chloride no ppt is prodaoed, bat on 
adding tannic acid to the dear solauon, a blade ppt 
is formed (AoiO). 

y BxoesB of hydrochloric add most be present, 
otherwise an insolnble salt of iron woald.be f(»nied. 

^8 By meaiu of ferrous sulphate, gold may be 
detected in ejnremdy dilate solutions by the violet or 
Uae tint which is imparted to them on addition of 
this reagent 

If the aboTe ppt is dried, it exhibits metallic Instre 
when rubbed. 

e W hen the quantity of gold present Is very minute, 
a dusky red tinge pervades the solution. The reaction 
is more delicate if stannous chloride contains some 
stannic diloride. The best way of applying the test 
is as follows. The solution to be tested should be 
placed with much water in a beaker and addlfled with 
a few drops of nitric add or ferric diloride. The 
stannous chloride, containing a trace of stannic 
diloride and addifled with hydrochloric add until 
quite dear, should then be poured slowly into the 
solution to be tested, when the characteristic coloor 
will mark the course of the predpltant through the 
solution. 


• 



In actual analysis, a special and separate examination of a portion of the original solution is made, 

when the presence of one or both of the above metals is suspe^ed. 



b 
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SPECIAL TESTS FOR ARSENIC. 



I. MARSH'S TEST. 

BEHAVIOUB OF ANTIMONY AND AB8ENIC BY THIS METHOD, CONTRASTED. 



Ezperiment. 



Hydrogen gat is generated from adnc 
and sulphuric acid (both previously proved 
to be perfectly free from anenio). 

The 8olu:tion to be tested is introduced 
into the generating apparatus. 

The gas (SbH, or AsH,) is dried. 

A fine jet of haxd glass is attached to 
the i^paratus, at the end of the drying 
tube, aud the escaping gas (SbHs or As 
Ha) is ignited (after allowing all the air 
to be displaced). 

A cold porcelain surface is depressed 
into the flsoie. 

The metalUo spot is treated with nitric 
add, which is caref uUy evaporated, and 
then nitrate of silver is added. 



The metallic spot is treated with solu- 
tion of hjrpochlorite of sodium a. 

The spot is moistened with solution of 
sulphide of ammonium. 

That portion of the jet-tube nearest the 
CaCl, is heated by the blowpipe flame. 



The tube containing the mirror is de- 
tached from the h^droeen apparatus and 
attached to one m which pure H|S is 
being generated (washed and dried by 
paasiog through H^S04) ; gentle heat is at 
the same time applied to uie minor. 

The tube with the altered mirror is 
attached to an i^paratus from which 
Hd is evolved (by heating a concen- 
trated solution and drying by meana of 
HaSO^). 

The volatile SbCla is conducted into 
water, which dissolves It. HfS is passed 
through this solution. 



Result. 



Antimony. 



Arsenic. 



Sb unites with neuecni hydrogen form- 
ing AiUimoniwreUed ffffdtiien. 

SbCI, -f 6H == 3HOI 4 JSbff^. 

By passing through mlpkuric acid, 
or over chiorQs of oaleium. 



Bums with a UiMh-^rten jLamt; vikiU 
fumu arise ^^fi^ 

A hlaek spot of metallic antimony ap- 
pears, which is lustrous if thino. 



No change of colour occurs. 



The spot scarcely at all dissolves/). 

The spot immediately dissolves. 

A hutroui mirror appears on the inride 
of the tube beyond where the blowpipe 
flame impingesv. 



The mirror becomes of a rtddiih-yeUow 
or browniihrblaek colour 9. 



The Sb,S, entirely disappears e. 



Orange ppt, of SbgS|. 



As unites with natcent hydrogen^ form- 
ing AneniureUed Hydrogen, 

AsjOa + 1 aH = sHgO + «il«ir,. 

By passing over chloride of ccUdum. 
(Sulphuric acid decomposes AsH,.) 



Bums with a blui»h-itfhUe JUtme; white 
fumes arise = AsgO,; garUc odour, 

A black lustrous spot of metallic arsenic 
appears a. 

Colour changes to yellow or red. If 
oxidation has given rise to arsenunts 
acid, it will chuige to yellow; if to ar^ 
seme add, it will change to red, (See 
Table for Group II. Sect. I.) 

The spot immediately dissolves. 

The spot remaiuB undissolved. 

A hut/rcus mirror appears on the insidu 
of the tube, cU some distanee beyond where 
the blowpipe flame impinges/?. 



The minror becomes kmon-yeUowy. 



No change occurs. 



f BmJIj NAClO-fNid, mepeied hf mlxliig a 
•dnyon of GsGl and NttOQa in ezoeflt,aDd fil- 
tering. 



«Theo61dsiii1iMe rednoM the tanpentnre, henoe 
a portloD of the antimony or anoiie Is not oxi- 
dlsed (•• it is when bnniing, giving rise to white 
fumes), bat oondenaes on the oold nufiRce. 

fi Antimony cannot be detected by this mean^ 
in the presence of anenio. 

y Heat deoompoees SbHg into Ite oonstttnenta 
and metalUe Sb is deposited, the gM eeBspIng at 
the tot belnc almost pore H. 

S This Is doe to tlie oonverskm of the metallic 

SblntoSb^s. 
c It Is oo&¥frted Into volatile, ooUmitoss SbCls. 



alf the porcelain be allowed to remain in the 
flame more than a second or two^ the spot disap- 
pears, from volatUisatlon of the metsl 

/i As is more TolatUe than Sb, hence Is deposited 
in a cooler part of the tube. 

y Due to formation of AsaSg. (See Table for 
Group n. Sect l) 



This test will only serve to distingniah whether one or both of these metals are present in a sub- 
stance. It will not indicate one, with certainty, in the presence of the other. If arsenic ahne is 
present it is dedsiye. 

4 
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n. REINSCH'S TEST. 

Clean metallic copper when boiled with a solution, containing arsenic or its com- 
pouncU, acidified with hydrochloric add, reduces the arsenic to the metallic state. 
The latter forms a steelr-grey fim upon the copper, or if the quantity of arsenic is 
considerable and the boiling is prolonged, it appears as Uvrgt black sealea. The film 
or scales may be sublimed and so^ converted into arsenious acid, which appears as 
iridescent octahedra. This may be further tested by boiling in water and treating 
with hydrosulphuric and hydrochloric acid gas, or by nitrate of silver. 



METHOD OF APPLICATION OF BEINSCH'S TEST, 



Experiment. 



Result. 



The solution to be tested is boiled with ^th its 
bulk of hydroohloric add. 

Pieces of copper wire (an inbh long) previously 
cleaned with concentrated nitric add and washed, 
are boiled with the hydrochloric add solution, for 
two or three minutes. 



The copper is removed, washed with distilled 
water, dried between bibulous paper, or in a water- 
bath, introduced into a hard glass tube contracted at 
one end, and heated by holding it obliquely in a gas 
flame. 

The portion of the tube containing the sublimate 
is filed off and boiled in water. 

A portion of the solution is tested by hydrosulphu- 
ric acid gas. 

Through the same solution hydrochloric acid gas is 
passed. 

A second portion is tested with nitrate of lilyer^ 
(taking care to neutralize first with ammonia). 



Arsenic, if present, is reduced on the surface si 
the copper, either appearing as a grey dkcohraUon or 
film, or as large hlaek tecUe$. 



A crystaUine niUimaie of arsenious add forms on 
the oool part of the tube. 

Solution of arsenious add is formed. 



Yellow terttdphide of anenic is predpitated. 



Ko change takes place. 

TeUow anenite of eUver is predpitated. 
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IIL FRESENIUS' AND BABO'S TEST. 

If arsenites, araeniouB add, or tersulpliide of arsenic (the latter is preferable when 
merelj trying the reaction) are foaed with equal parts of dry carbonate of sodium 
and cjranide of potassium, the whole of the arsenic is reduced to the metallic state. 
Being extremely volatile, it condenses again, if the operation is conducted in a bulb- 
tube, upon a cool part of the tube, forming the characteristic arsenical mirror. If 
the operation is conducted in an apparatus which ensures the preservation of the 
arsenical vapours from contact with the atmosphere, the delicacy of the test is so 
far increased as to render it at once the least objectionable in its application and the 
most efficacious as a means of detecting the presence of arsenia 

Freeenius and Babo instituted a series of experiments which shewed that the 
required delicacy could be obtained by heating the mixture of the arsenical compound, 
carbonate of sodium and cyanide of potassium, in a stream of carbonic add gas 
(anhydride). 

METHOD OF APPLICATION OF FBESEKIUS* AND BABO'S TEST. 



Kzpeiiment. 



Result. 



Garbonio add gtm is generated in an ordinary gma 
ftppantuB, from lumpt df limestone or marble and 
hydroohlorie aoid. 

The gat is dried by pairing it through sulphuric 
acid. 

The mixture (3 parts dry carbonate of aodium, 
I nart dry cyanide of potaauum, i part diy tersul- 
phide arsenic, intimately mixed in a mortar) is intro- 
duced into a combustion-tube of hard glass, drawn 
out at one end and attached at the large end to the 
egress tube of the wash-bottle. 

The gas is allowed to pass so as to expel all air, 
and then at the rate of one bubble per second (this 
can be effected by pouring water into the generatinff 
bottle). 

The combustion tube is heated in its entire length, 
to expel all moisture^ then to redness at the shoulder 
beyond the mixture, and then at the same time the 
mixture until it is entirely fused. 



The portion of the tube containing the minor may 
be cut off with a file^and aflet dissslviug im wwter, 

by means of nitrate of silver, 
as in the case of Beiisch s or Marah*s test. 







The vapours of metallic arsenic are carried on- 
wards by the carbonic acid gas, and the shoulder of 
the tube being heated, they pass on and condense in 
the drawn-out portion as a Imtroui mirror a, 

A ffafiie odow may be detected at the end of the 
tube. 

No compound of arUimonjf whatever yield§ a HmUar 
naetion under the dretinutotiees. 



a If only a minute qnantt^ of AtmbIc ii present, the minor 
appean si a thin prvy jrZm. 

4— a 
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GROUP II. 

METALS WHICH ARK PBBCIPITATBD FROM SOLUTIONS OF 

THE . PRBCIFITATB INSOLUBLE 

MKBOUBY (Mercuric aaltB). ""^"^^^^ jUSMUTH, 

■ 1^ 



L 



Htdrosnl- 
phiiric Aoid. 



6Hga-f9HtS = 

whitea «(Hga.Hg;3) 

insoL in sulphide of ftTninoniiim. 
inBol. in nitric acid. 



II. 

Hydrates of 
the Alkalies. 



aBiClsa + 3H«8 

• bi^wn-black Bi^, 

intol. in Bulphide of ammonium. 
toL in nitric moid. 



\ 



IIL 

Hydrate of 
Potassium. 



Hga+KHO/5 *= 

reddiah-brown Y HgHO 

Cif only a small quantity of KHO is added.) 
insoL in ezoeae of hydn^ of potassinm'; on 

adding the excen, the ppL u convaried 

ifUo (£9 yellow oxide (HggO). 
insoL in hydrate of ammonium. 



3BiCla+6KHe 
white <floocalent)< 






IV. 

Iodide of 
Potassium. 



V. 

Cliromate of 
Potassium. 



VI. 

Stamious 

OUoride. 

MetalUo Iron. 



4HgCI+3KHO s 

yellow^ «Hg,o 

insol. in excess of hydrate of potassium. 



iDsoL in excess of hydrate of potassiumjS. 
insol. in ^^'"^^ of ammonium. 



Action of Water on Ksmuthio Salts. 



3BiCl,+ 3H,0 = ^ ^ ^ * 

Whiter BiCi,.Bi,o, 

inaoL in tartaric acid (see Antimony, p. 24). 



HgCl+KI 

scarlet Hgi 

80I. in excess of iodide of po^tassium. 



3Hga -f HgO + KCr<^= 

yellow Hg,o.HgCrO, 

soL in adds. 



BiCa,+ 3KI . = 

brown (er^rtalline) Bil, 

insol. in exosss of iodide of potasuum. 



BiClj+sKCiO, 

leiiion*yeUow Bi(CrOg), 

soL in nitric aoid and hydrate of ammonium. 
ineoL in hydrate of potassium 8. 



VII. 

Cyanide of 
Potassium. 



aHgCl-f SnCl = SnCl. -f Hg.Cl 

white ppt Hg,Cl 

HgjCl+Sna = SnCl,+Hg, 

greydeposit« Hg 




white 

insoL ittWBBMftol 




BiCy, 
itassium. 



a The white ppt Is only produoed V7 tmaU ouanU- 
Ue$ of the reagent. If the experiment ii eutioDj per- 
formed, the colour will bebom», soooidlng to the 
■meant of lewent added, Tellow, onuiffe, brown, and 
flnalbr blade Rom fomumon of the blaick sulphide 
(Hffflg). The white ppt has the formula assigned to it 

The action of hydrate of Mwmftpinm on mercnxle 
salts i» to fonn a wnMe dUonde and amtidt ffiT 
CMTv (mrCl . J^KHt) thus : 

SHgCrf2lfH!|BO=(HgCl.HgNHa)+NH401+IHfO, 
Theppt is known by the name of ^^ white precipitate'' 

y The hydrate rapidly passes into the onde (HgtO). 
The experiment as detailed in IL must be carutdly 
performed or the reactions will not occur. 

d When mercuric oxide is prepared in any other 
waj than by the action of an aut^ it is red. 

c This reauetlon of metal takes place when mercaife 
chloride is boiled with excess of stannous chloride. 
The deposit if boiled with hydrodiloric add takes the 
formofclobules. 

{ With mercuric nitrate, qfanlde of potassium 
giyes a white ppt. ■olnble In excess. 



a A solution of Msmnthons nitrate in water and 
hrdrochloric add maj be substituted for taismuthic 
chloride. 

fi If after adding excess of hydrate of potassiuni, the 
ppt is allowed to subside, the suiiematant liquid de> 
canted, and the residue evi^Mnated to dryness, the ppt 
will be converted into reUcm; CMde (BiiOaK 

Theydlow oxide Is not fonned on merely bofling 

y %ese salts an also termed bade salts. The chlor- 
ide is usually emidoyed in this reaction, as its decom- 
position is moK complete; with nitrate, a mixed 
hydrate and nitrate of bismuth results. 

aHi(N0B)r»4Hs0arn(N0B)B . IBLUsOsl+SHNOs. 

i The solubility of blsmuthic duromate in nitric 
add and its insolubility in hy<taate of potasdnm, dis- 
^tignUh [i fjtom plumbic chroinat^^. 
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Section il 

THEIB SALTS AS SULPHIDES BY HYDR08ULPHUR1C ACID. 
IN SULPHIDE OF AMMQNIUM. 



OAD 

Chloride of Oafdmi 



brilliant yellow Cd;3 

insoL in sulphide of anunoniam. 

■oL in nitric acid. 

inaoL in cyanide of potassium a. 

t 




OOPPEB. 

So]phafl|^f Copper. 



CdCl+KHO/3 

white CdHO 

insol. in ezoess of hydrate of potasmomy. 
sol. in hydrate of ammonium. 



Boluble. 



CujSO^+HjS = 

black (in flake8)a Cu,S 

insol. in sulphide of ammonium. 

soL in nitric acid. 

soL in oyanide of potassium. 



I. 
Sulphides. # 



cold 
CUjSO^ + «KHO/J 5s 

bine (flocoulent)7 sCuHO 

insoL in excess of hydrate of potassium. 
boiling converU tkU ppt, into (As black oxide 

(CugO). 
sol. in hydrate of ammonium 8. • 



n. 

Hydrates. 



boilinff 
Cu^O^ + iKHO = 

blacke Co,0 

sol. in hydrochloric^ nitric, or sulphuric acid, 
forming corresponding cupric salts. 



Cu;S04+aKI = 1+ 

brown Cu^ 

sol. in excess of iodide of potassium. 



in. 

Oxides. 



IV. 
Iodides. 



Cda + KCrO, 

. yellow.. 



.CdCrO. 



CugSO^+aKCrOg = 

yellow-brown iCuCrO, 

soL in nitric acid and hydrate of ammonium, 
with the latter forming a gzeen solution. 



V. 

Chromates. 



CugSO^ + Fe» = Cu, + FeaS04 

metallic coating on the iron Ou 

presence of an add (HCl) accelerates this 
action. 



VI. 

Reduction of 
Metal. 



CdCl+KCy = 

white OdCy 

soL in'ezoess of ciyjKDide of potassium. 



CugSO^ + iKCy = 

green-yellow aCuCy 

soL in excess of cyanide of potassium^. 



VII. 
Cyanides. 



aThis reaction wrves to dlitiiiffiiisb between csd- 
niiuin and copper in the process of analysis. 

fi Hydrate of ammonium also produces a white ppt 
of hyuate with solutions of cadinium salti» but ft is 
readily soluble in excess of the precipitant. 

y On treating this solution, as directed in note |i, Bis- 
muth, the Brovon (Mde (Cd«0) is fonned. 



a nils ppt nmidlr absorbs oxygen from the sir and 
passes into enpnc su^iate : 

CuaS+04=Cua80^ 

Cttpilc sulphate produces with hydrate of ammo- 
nium a neen-Dlue ppt of basic sulphate of cupnuu' 
moniumi(NHjCn)9804]. See note a. 

y If the precipitant is deficient in quantitj a grun 
baidc salt is formed. 

S Cupric hydrate dissolTca in hydrate of ammo- 
nium, rormiuka blue solution. The metal is supposed 
to replace 1 ei^ of hydrogen in the molecule of ammo- 
nium (NH^ and so to oonstitnte the basic radical 
tenned "Cuprammonium" (NHsCu). 

« At a red heat cupric oxide giret up its oxygen to 
hydrogen or cart>on--hence its Talue in organic ana- 
lysISi 

C Hydnxdkknic add precipitates white cuprous 
cyanide (CUgOy) fkom this solnfion, sotuble in excess. 



/m.T»r»t 
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GROUP 

METALS WHICH ABE PRECIPITATED FBOM SOLUTICKS OF 
ALUMINIUM. CHROMIUM. 

Chloride of Alnminiam. Sulphate of Chromiam or Chromio Acid. 



I. 

Hydrate of 
Ammonium. 



A1,C1, + 3NH^H0 ^ 

white (gelatinous) a Al^gOg 

inaol. in excess of hydrate of ammonium, 
sol. in hydrate of potassium /3. 
insol. in chloride of ammonium. 



II. 

Hydrate of 
PotasBium. 



III. 

Sulphide of 
Ammonium. 



Ferri-Oyanide 
of Potassium. 



A1,C1. + 3KH0 

White AiAO. 

sol. in excess of hydrate of potassium^ and 

reppt. by chloride of ammonium 7. 
not reppi, on boiling. 



a A1,C1, + 3 (NH4),S = 6NH,C1 + (Ag A 

and 
(Ay,S,+ 6H,0 

white ppt. « flAi,H,o, + jH^s. 



(CrJ.(S04), + 6NH4HO » 

bluish-green sCrsHaOg 

insol. in excess of hydrate of ammonium, 
sol. in hydrate of potassium. 
insoL in chloride of ammonium. 



(CrJ,(SOJg+ 6KH0 = 

green aCrjagO, 

soL in excess of hydrate of potMsiam, and 

reppi. by chloride of ammonium. 
dUo reppt. on boiUng. 



Ferro-Oyanide 
of Potassium. 



VI. 

Sulphate of 
Potusium. 



VII. 

Silicate of 
Potassium. 



The greenish ppt. usually produced by ferro- 
cyanide of potassium with solutions of 
aluminium salts, is a hydrate containing 
some cyanide of iron c. 



Alaaj+aEgSO^i- 

white A1,K(80J, 

ss common alum if 



Al,Clg + 3KSiO, 

white.. 



.Al.(SiO,),t. 



a The ppt dries into e tmiipirant honnr mtm, 
fi When the ppt is dlsiolTed in hydrate of p 
slam, s new oompoand (alomlnlftte oi potsniam) is 
fmmed, the aluminium forming part of the add- 
radicaL 

AkHiOs -f-KHO s KAM>i. HgO -hEgO. 
Hie hjoiate maj be asaln obtained finom the soln- 
tion br adding diloride of amAonium^ns 

J^AIoHsOb + NH4CI » AlsHsOs + KCl + KHt. 

JThii reaction is explained in note fi. 
A Bolphide is flnt fonned in the reaction with 
sulphide of aaunoninm. which is immediately deoom- 
poeed by water into the white hydrate and hjdro* 
tulphnnc add na. 

« It will be ODMnred that the liydiate is a oonstant 
result of reactions with eren the most Taried reagents 
and aluminium salts. The hTdrate in this group 
generallj is an insoluble salt» and its formation Is 
Tery generaL 

J; The solution oi alumink ddotlde and that of 
phate of potasslam should be hot and coaosntrated 
(bj evMOTatlon). 

ii This salt is the tjpe of the true ahuns. All fms 
OMMM haTS IS eqs of water of enrstalUsatlon : 
[AlsK(804)f-l-iSaqI 



A similar reaction oocun with chromic salts 
and sulnhide of ammonium tm is the 
case with salts of aluminium. 



soluble a. 



• The soluble salt fonned with sulphate of potas- 
sium is one of the slums (chrome- slum) havlag the 
fonnula KCis(SO«)t-MSM|. 
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III. 



THEIR SALTS, AS HYDRATES BY HYDRATE OP AMMONIUM. 



ZBON (Ferric Baits). 
Perchlonde of Iron. 



IRON (Ferroiu salts). 
Protoralphate of Iroo. 



FcgClg+aNH^HO = 

red-brown Fe^,Og 

insol. in esoMi of hjdrmte of ammonium. 



inaol. in chloride of umnonium. 



hydrate of potMginm re-acts in the same 
manner aa hydrate of ammonium on solu- 
tiont of ferric aaltsa. 



2Fe,Cag+3(NHj;3 = 

blackiS (FeJA 

inaoL in ezueBS of anlphide of ammonium. 
loL partially, in water, forming a green aoln- 
tion. 



Fe^«:f3KH4HO ^ 

greeil-whitea(beoomesred) iFeHO 

inaol in exoees of hydrate of ammoninm. 

8oL in chloride of ammonium j3. 



hydrate of potassium re-acts in the same 
manner as hydrate of ammonium, on so- 
lutions of ferrous saltan except tibat the 
whole of the metal is precipitated. 



I. 
Hydrates. 



green coloration^. 



«Fe,Cl,+5XV8fy = 

blue ~ Prussian Uue (Feg)gOfys 

soL in nitric acid. 

sol. in hydrate of potassium. 



Fe,S04 + (NH^)gS = 

blacky Fe,8' 

insol. in excess of sulphide of ammonium, 
sol partially in water, formiog a green solu- 
tion, and reppt. by sulphide of ammo- 



II. 

Hydrates. 



III. 

Sulphides. 



mum. 



SFe^SO^+aKjCfdy = 

blue iFegCfdy 

insoL in hydrochloric add and in water. 



soluble. 



aThe Dpi In this esse alwan eontslns a portion of 
the alkaime pred^tant^ which is not remoTod hj 
washlns. 

^ Thu ppt i« only obtained when a solution of 
fenie cfalmde i» added to snlphide of ammonium, 
otherwlM a ferrous sulphide is thrown down together 
wltib sulphur. 

Hfdramlphnrlc acid reduces fertle to ferrous salts, 
with separation of sulphur if the solution is add or 
ueutiaL If alkaline a ppL is formed. Both ferrous 
and ferric salts behave in the same manner with 
sulpldde of ammoniun^ as the members of Group TV. ; 
hence hj some chemlsai iron is included as a member 
of that group. 

y This coloration appesn to depend upon the pre- 
sence of a trsce of proto- or ferrous salt, and mraially 
acquires a tinge of Drown. It is best seen in dilute 
solutions. 



3FeaS04-l-4K,Cfy « 

white* 2KFeJCfy, 

nitric acid converts it into pnusian blue, 
sol. in hydrate of potassium. 



rv. 

Ferri-Cyanides. 



V. 
Ferro-Cyanides. 



soluble. 



a Only half the iron is precipitated, for the ammo- 
nium salt formed combines with part of the unchansed 
ferrous salt, producing a doubly salt (FeCl.KH4Cl). 
which is not decomposed by the excess of hydrate of 
ammonium present {see Magn^nm TV). 

^ It is dear fhun the reactions ^ren abore that if 
cUoride of ammonium is present in a solutton oi a 
ferrous salt, no ppt will occur on the addition of 
hydrate of ammonium, hence ferrous salts really 
belong to Group TV., but in actual anaMs the pre- 
caution is adopted of peroxidising (by nioic add) any 
ferrous salt wnidi may be present in the solution to 
be tested, before adding hydrate of ammonium as a 
group test It is thus couTerted into a ferric salt, 
and wUl behare with the group test as other members 
of this group. The desirability of contrasting these 
two classes of salts of iron will be a sniBdent reason 
for i^adng them together here. 

y HydroBolphuric sdd does not predpitate add or 
neutral soluuons of ferrous salta The snlphide is 
predpitated from an alkaline solution by this reagent 

i Turns blue (prusslan blue) on exposure to air. 



VI. 
Double Sulphates. 



VII. 
Silicate. 



GROUP 

MBTAl^ WHICH ABB PKEOIFITATED FBOH SOLUTIONS OP 



MD^, + (NH,)^a - 

fleBh-oolowedis Md^ 

•oL in matt tMddi. 

*cl. in aeetk aeid ^iwiiiMDtnited). 

Md^0,-)-iKH07 => 

whiUshf iMnHO 

iDMl. ID aioea of hydnte of poluiiiiii]. 



plnk-wUte Hd.co, 

■oL in ohloiida of unmoninm. 

inioL in eioaai of c*rbaiuite of umnoiiiuin. 



UafiOt + iKCj 

dirty yellow iMnCy 

■oL In exofiM of cyanide of potununK. 



White 

loL In tnoat add! 



Zn;904 + iEU0^ = 

white <gelMiiiaQ«} iZdEO 

sol. ID otcMi of hydnto of potuRiu 



+ i+»(NH4),C0,= 
6H,0 I 

Whlte7 J(Zn/X),.3ZnH0) 

•oL in ohloride of ammontiuii. 

•ol. in taoom td owbonats of anunonimn. 



Zn^4-H iKCy = 

white «ZnCy 

mI in ex«MB of o;r**ii^ ^ poturian. 



Hydrocnl- 

£luulo Add 
1 a lolutlon 
aoidifted with 
Acetic Acid. 



Zn^O, + iHC^,0,=^I«^4 + iZnC AC, 



iZnCH,0, + H/>+ H^ = 

White 



• Uvdrewlpluirtc tddpnd|iltaMaUuiUiia»lut>"iu 
r muguuKU nlU, bW not Kdd or »nlr>l K>luLtuiii. 
|l Tons brown on txponnlo III ; tbsoolaurof Urn 
DovvppL li utonoolj duxHetflriflUa. 
V WBh krdnts of muniinlBiD onlr bilT tbe mrm- 
laoiM !■ pncMtelti the oOiB' half Ibnnliw iriUi thi 
■■It aJmij ptoSmeS !i|' ths Bnt bitlf wid Ef drate of 

dsUaUd hr nun* o( tba pndclunl. Pnwiue of 
(filDriilii of UDtaoiiinm pnTBDU ibg pndplUllDD by 
hjilnic of ammoiitDBi ■IliiiiiUiM'. 
■ "^inui bUek on Mpmope lo air. 
tnofl a brown toiatloiL 



■ Hjniraalplmiki add jaMtOj pndnltetH iliK 
fnun HDtnl and oilinlT Aran alkalOw adBtkiiu. In 
-" -id*oliittoiu,ciai{acMk*dd(iMT.),nop|X. 

BliuB a» In thacaae of otaajaBoni aaUa Imi llinginiii, 

ni ppt. b a mlud brdnta and arbonak^ and 
DB loma caibonlD uhrdilda la UboaUd. wbldi 
itna a potUoD of caibmiale of iliia In aMBtloa. 

boUlng iK&iattBC tba Mcapg o( eaiT >-•^•- 

vndlllattau b n>an compMai 



IV. 

THEIR SALTS, AS SOLFHIDES BY SULPBIDB OF AMMONIUM, 



block O^fi 

■oL in uibif-hfdroohloria MkL 



CoNC^ + KHO^ 

blnev CoHO 

iiuoL in •zom of hjdnte oT potMdom. 

loCoNO.) 

+ Us(NHJ,CO,- 
6H,0 } 

peach oolmared i(Co,co,.3CoHO) 

•ol in exoan of CMboiut* of aininonium. 



blacky Ni^ 

•ol. in nitro-bydrochlorio add. 
iniol. tn (Kvtie oejA 

Ni;S0«+iKH07 - - 

lltfit-green sNiHO 

inioL in «io«M of hjilnte of potudnn 
6H,0 ) 



CoNO,+KCy 

brown CoCy 

wL ia exoMi of cyanide of potusinm. 

■dd to the idution > few itvft of hydroahloric 

aoid, and IkhI, than add more byilro- 

ohluric acid. 
titt pjpt. d«t* itot rt-Jarmi- 



Ni^,+sKCy 

ydbw-gTMn iNlCy 

(ol. in aioen of cnnide of pbtanium. 

add to (be aolnlioQ a few dropa of hydro- 

chlcsio acid, and btril, then add mure 

bydrochloric acid. 
Atppt. n-fimul. 



■ HnmnlpliDilo tdi putUUj.pnelpiUtM bUck 
MlphUv from noDtnl KUiUknu or oobftUoiu lalU. 
bat bill to pndnlUta Kid ■olatlmL except tb* add 
ndkal Df the ■libe a oeik OH Ifto a •oluUoB ot a 
coballoaa aalL Inalad witk acatate or aodiDm, hrdro- 
nlpbtDlc aoM !• adM. compM* pcadpiuUcn ocoin, 
fftOMftmlmiiBM, HonnUocennlwinTtfln the 
imawiBii of ftae amflc add. 

ai i^liuwBoaa and aloe MUa ; a UiH bade mH b 
lunrnarat Snt thrown down, aalable In aioBai, ConnlBg 

1 Ttani inan oo exwon t» air. On bolUni 
(pL baeoM M .Mi Tart aa In to the nd h^dnla, w. 

"Trba addttloa tf twdnAiotle add Ubentca flat 
hrdRiTaBlc add naeiinc wUh Uh cjaokle oT cobalt 
■ad ijaiilil« of potaidnm, eofaaltonaBlda of potaa- 
riambdnftoiDaaatlbaiHDatliiie. OoboUliigooMto- 
snotda of potaalaB (KOoCrd !■ coaTeited Into co- 
tUU-miiUa (KtCoaCrri*. lUi btlar ni-1-i..i.j lU 
thaoeliiU ii not daoouoaad br dUata add^ ban 
no ppt ooBiin on Mafiai wUh hg-drodilorti! add 

• coCr+«KO/+Ha= ^Kco5<_+HCr+Ea 

UDballa.cniilita 
onboUUw 
M[CoCr«-t-KCr*HCT= KiCcCT. ♦H 



P^^ 



a'lbf^riSI 



f airUle of aldnl 



lal anSii pneM- 
D coloiit in Cba 



ninlllaaa 



Bqnld, ilDea tba brdnte ifi 

D ■althraad at the Hme liL„ 

i Hna tba dODHanaDldaof nlckd asd pi 

la deeoBipoaed b* dUuia hrdlDcUorir add, and ennidt 
or nidicfb acain depoidtnl But can moM be taken 
that ddIt a uuU quaotlt; or tho kM ii added, at 
liitdt DnJv a fo« dropi. and ^hht La the cold, tuce 
.^__.. __ v_.r. ■ "^ I cjanlde into a 



Hih^e" 
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GROUP 

METALS WHICH ARE PRECIPITATED FBOM 80LXJTION8 OF 

STBONTIUM. 

Chloride of Strontittin. 



Chloride of BArium. 



I. 

Carbonate of 
Ammonium. 



II. 

Sulphate of 
Calcium. 



III. 

Ohromate of 
Potassium. 



iB«Cl+(NH4),C0ga« 

white B^CO, 

imol. in chloride of uiimomuiii/3. 



aBaa+Ca^4 a 

white C>mm^i*^7) — BftaSOfsheftYy spar. 

isBolttble. 



aSra + (NH4),C0g = 

white Sp.co, 

inioL in chloride of ammonium. 



rvr. 

Hydrate of 
Potassium. 



V. 

Oxalate of 

Ammonium or 

Oxalic Acid. 



BaCl + KCrO, 

pale yellow iBtXhO^ 

sol. in hydrochloric or nitric ftcid. 



BaCl+KH07 » 

white (bulky) BftHO 

soL in WAter, foraung bvyte water. 



VJ. 

Ferro-Oyanide 
of Potassium. 



vn. 

Phosphate of 
Sodium. 



vni. 

Hydro-fiuo- 
sUicic Acid. 



iB«Cl+(NH4)/)A'» 

White l^Ofi, 

Bol. in aoetio add. 



soluble^ 

unlets a very concentrated eolation of a 
salt is used. 



aBaCl+Ka^HPO^ » 

White Ba,HPO^ 

sol. in chloride of ammonium, and reppt. by 
hydn^ of ammonium. 



lSrCl + CB|S04 a 

white (ftftor >ome time) ... 8raSO4»oele0tine 
insoluble. 



soluble CL 



SiCl + KHO/3 = 

white (flooeulent).... 

sol. sparine^ in water. 



.SrHO 



iSK)l+HaCa047 s 
ozidicaoid 

white fmimediately) Srfifi^ 

insol. in acetic add. 

soL in boiling chloride of ammonium. 



soluble. 



3BaCl+HJ3i^, 

white«- 

insoluble. 



« Befon tddloff curbonate of anunoniiim it li better 
fn the cMe of eO the meaiben of this groap to add 
Uydxata of ammoniam, to enmue e wiflkiently neatnl 
ttrboiute, and then to heat 

fi Carbonates of baiinm, strontlnm and ealdnm 
are sUghtlj lolaUe In chloride of ammonlnm In 
accurate analriiB this entails a forther treatment of 
the filtrate which othenrise would onfar contain mag- 
nesium, with a riew to separate the trifling quantities 
of barium, stronttnm or ealdnm whidi maj hare 
been dissolved. 

Jf Hydrate of aamionium producee no ppt with 
utions of baiinm salts. 

a With oxalic add, the add oxalate of barium is 
fonned (BaHCgO^, and only alter standing for seme 

c Addition of akohol promotes the fonnatioin of 
the ppt 



iSrCl + Na,HP(>< = 

white...; Sr^PO, 

soL in chloride of ammonium, and reppt by 
hydrate of ammonium. 



solnble. 



solu 



« A blight-yellow ppt (BrCrOt) fotms in opnceniraiicl 
solutions of a stronnnm salt, or in tueh m art firte 
JtomaodicadUL 

fi Hydrate of ammonium produces no ppt in solu- 
tions of a strontlnm salt 

Y Bqlnble oxalates (oxalate of ammonium) also 
throwi down this ppt 



37 



V. 

THEIB SALTS, AS CABBONATES 6T CARBONATE OP AMMONIUM. 
OALOXUM. MAaNESXUM. 



Chloride of Calcium. 



Chloride of Magnesium. 



iCaCl + (NH4)gC0, = 

white Ca,COgSoalo-Bpar 

insoL in chloride of ammonium. 



Bolnblea. 



aoluble. 



CaCl + KHO/3 

White (bulky) CaHO 

len BoL in hot than in cold water, forming 
lime water. 



iGaCl + H,Ca047 =. 
ozjJic aoid 

white (after some time) 

insol in acetic add. 

inaoL in chloride of ammonium. 



.Ca,Cs04 



iBlga+(NH,),CO, = 

white (on boiling) Mg^COsa 

«o/. tn chloride of ammonium. 



soluble. 



soluble. 



MgCl+KHO/3 

white (bulky) 

insol. neariy in water. 



.MgHO 



soluble. 



I. 
Carbonates. 



11. 

Sulphates. 



ni. 

Chromates. 



rv. 

Hydrates. 



V. 

OxaUtes. 



CaCl-i^Cfy » 

white (onboiHng) KOaCfy 

insol. in oonoentnted hydrochloric acid. 



«Mga + K,Cfy 

yellow-white (<» boiKng). 

sd. in hydrochloric add. 



Mgfifjy 



VI. 

Ferro^Cyanides. 



aCaCl+Na,HP04 « 

White c^^P04(t) 

sot slightly in chloride of ammonium. 



aMgCl ) 

+ ^ + NagHP04= 
NH4HOW 

white 

insol. except in adds. 



.Mg,.NH4.P04 



VII. 

Phosphates. 



soluble. 



solublCf 



vni. 

Fluo-silicate. 



« Sofobste of calcium (Ga«SO^) la precipitated from 
cottoentnted solntioiiB of a caldnm salt, vf sulphuic 
add. The ppt. fonna dowhr, bat all the caldun maj 
be thrown down if alcohol u added to the aolntion. 

^ Hjdrate of ammonlom produces no ppt. with 
lolationB of a caldnm sail 

Y An add solution of a caldnm nit mnst be sea- 
traUeed \jj hydrate of aaomoniom before adding 
oxalic add, as the ppt ii soluble in adds except 
acetic add. 

Oxalate of ammonium prodnoes the same ppt 



a A soluble salt having the formula tQSg . NH4 . 00a) 
Is first formed, heat expels ftom tlua carbonate of 
ammonium [(NH4)8CX)8X leaTing the predpitated car- 
bonate of magnesium. 

^ Hydrate of ammonium only throws down a por- 
tion of the nuumesium. The other portion remalna in 
solution, as a double chloride of magnednm and am- 
monium. The Utter is formed as foUows, deeompodUon 
of the magnedum salt (here chloride of magnesinm] 
first takes place : the ammonium salt then formed 
unites with another eqolvaleait of magnedum salt to 
form the doable salt This salt is undecompoaable 
SMga -»- NH4HO s MgCl . NH4a + MgHO. 

y If an amm<mium salt is present, sudi as diloride 
of ammonium (whidi hastens predpitation), the for- 
mula becomes Mg . NH4Ciy. 

a *H]r^te of ammonium Is added in order to en- 
sure complete predpitation of the maffuedum. If 
howerer it is too strong, a ppt la formed with it and 
phosphate of sodium, in dilute aolutiona of a mag- 
nedum salt, the double salt forms only after some 
time. This reaction la an important teat fbr magne- 
dum. 

* Phosphate of aodium diould be added flratt and 
then hydrate of ammonium. 
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GROUP 

METALS WHICH ARE NOT PEECIPITATBD FROM SOLUTIONS OF 



POTASSIUM. 

Chloride of PotMsium. 



I. 

Hydro-Ohloro- 
pfatiiilc Acid. 

II. 

Tartaric 
Acid. 



KGl + Haa + HPtCl, a 

yeUoW (cryBtAlline) KPtU, 

insoL in alcohol and in acida. 



SODIUM. 

Chloride of Sodiam. 



soluble. 



III. 

Hydrate of 
Potassium, 
and Hydro- 
chloric Acid. 



white KHC,H,0, 

8ol. in hydrate of potaBoiiim. 



iioloble. 



IV. 

Carbonate of 
Ammonium. 



V. 

Phosphate of 
Sodium. 



VL 

Metantimon- 

iate of 
Potassium. 



white 

inaoL in cold water. 

■oL slightly in boiling water. 



.Na|H.Sb,07 



« Hydioehloiie add ii added la oidtr lo leadar the 
■olutioB of pofawrinm raffldeatly add. No ppL ia 
prodnoed in alkaline aolntions. 

When onlj a ■mall quantity of polaadnm is jne- 
■ent in the aolution to be tened, add hydrodiloclo 
add andlydrodiloroplatinlr add, eranwate to diynew 
and difMt with aloohoL The duoropiatiBate ranalni 
aa a jrtuow nslda& 

fi Jbcoeaa of the predpitaat murt be added, or the 
•olable imitnU tartrate (KiC4H40e) will be fonned. 
l^ffoiona ahakSng praoiotea the fonnatioB of the opt 

V Chloride ofpofantnm la not aflbeted Iflte chionde 
of anunoniom ia thia en>eriment» becaoae, when 
decompoeed bj hydrate of potaadnm It It not to- 



« OhloiidB of aodfaiin la not aSseted here, for the 

aathat^Teninthei 



^ Oareahonld be dbaerred to prepare thia aohitkm 
Jnst before uie, dnoe the metantJmnniate ii prone to 
paaa Into anttmoolatei K«EUSbiO7.H«0«lKSbOs. 



The solntloa of aodlam nit mnat be neatral or 
■Mghthr aUrallniL aa fkee add acparatea anttmonk add 
ftomtnereaffeni. 
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VL 

THEIB SALTS BY REAGENTS WHICH PRECIPITATE THE OTHER GROUPS. 



ABiMONIUM. 

Chloride of Ammomuiii. 



unnuM. 

Chloride of lithium. 



NH4Cl + HPtCl, 
▼allow (ciTftaUuie) NH.PtCl. 


soluble. 


I. 


inaoL io oold or boiling water. 




NH^a + HAH*©, = 

white a (cryttaliine) NH^HC^H^O- 


soluble. 


11. 

a * V ■■■ m < 


■ol. in hydrate of ammoniam. 


Add Tartrates. 


NH^a + KHO 

gas/9 NH, 

a glass rod dipped in dHuUy hydrochloric 
acid, and implied to the mouth of the 
test tube, gives rise to whiufmui. 

NHg + HCl 

white fhmefl NH^Cl 




III. 




Decomposition. 


wl AAAW AUAAAV0* ••••♦•••***-**--*^« ^.^^^^m 






«LiCl + (NHJ,COg « 

white (cnrstAlline) Li.CO. 


IV. 




insoluble o. 


Carbonate, 




laCl + Na^HPO^ 

white (especially on heating)... LiNaUPO^^t) 

insoluUea. 


V, 




Phoephate. 


• 




VI. 






Acid MetantimoA- 
iate. 


« This ppt to only prodnoed in ytaj eonenitnted 
solntloiii or MDmoniiun ulU. 

fi OaMoas MDmonlft is readily detected bj its pan- 
gentodoav. 

Y Gonoentnited adds give rise themaelveB to ftunss 
on exposure to air, henoe dOnte add nmst be sm- 


« Tlw InsohibOiij of these salts fonns a venaikable 
eioeptlontotliscliaractsnof the ssltsof tliis group 
gennally. 
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PART II. 



ACID RADICALS 
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CLASSIFICATION OF ACID RADICALS AND THEIR 
CORRESPONDING HYDROGEN SALTS. 

Group I. 

Acid radicals, which are precipitated from their netUral solutions, by Chloride 

of Baaium. 



Section I. 

Bariam compounds, imolvble in 
Hydrochloric Acid. 

SuIjAuric radical (sulphuric add). 
Silioofluorine (hydrofluosilicic add). 



Section II. 

Barium compounds, aohMe in Hydro- 
chloric Acid, with decomposition. 

Carbonic radical (carbonic add). 
Silidc radical (silicic add). 

[Hydrosulphurio mnd}. 



Section III 

Barium compounds^ goluble in Hydro^ 
chloric Acid, without decomposition. 

Phosphoric radical (phosphoric add). 
Boracic radical (boradc add). 
Oxalic radical (oxalic add). 
Fluorine (hydrofluoric add). 



Section IV. 

Decomposed, in add solution, by 
Hydrostdphuric Add. 

Chromic radical (chromic acid). 
Sulphurous radical (sulphurous add). 
Hyposulphurous radical (hyposulphur- 

ous add). 
Iodic radical (iodic add). 

[ATBeniouB and ArMnuc aeida]. 



Group IL 

Acid radicals, which are predpitated from their acidified (nitric acid) solutions, 

by Nitrate of Siher. 



Section II. 

Ai^gentic salts, insoluble in Hydrate of 

Ammomum. 

Iodine (hydriodic acid). 
Sulphur (hydrosulphuric add). 
Ferrocyanogen (hydro-ferro-cyanicadd). 
Sulphocyanogen (hydro - sulpho - cyanic 
add). 

[The following acid ndicftis are precipitated from their neutral loliitioiui by Nitrate of Silver : nllcic, 
phoephoric, boracic, oxalic, chromic, chlorine, bromine, iodine^ cyanogen, nilphnr, (aneniooa and axvenio 
radicals).] 



Section I. 

Argentic salts, soluble in Hydrate of 

Ammonium. 

Chlorine (hydrochloric add). 
Bromine (hydrobromic add). 
Cyanogen (hydrocyanic add). 
Ferricyanogen (hydro-ferri-cgranic add). 
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Qbottp in. 

Add radicals^ which are not precipitated from their solutions by Salts of 

Barium or Silver. 

Nitric radical (nitric acid). 
Chloric radical (chloric acid). 



ORGANIC ACIDS. 

Group I. 

Acid radicals, which are precipitated from their solutions by Chiaride of 

CaJciimu 

Tartaric radical (tartaric acid). 
Gtric radical (citric acid). 

Group H. 

Acid radicals, which are precipitated from their netatral solutions by Ferric 

Chloride. 

Succinic radical (succinic acid). 
Benzoic radical (benzoic acid). 
Tannic radical (tannic acid). 
Gallic radical (gallic acid). 

Group HI. 

Add radicals, which are not precipitated from their solutions by Chloride of 

Caldvm or Ferric Chloride. 

Acetic radical (acetic acid). 
Uric radical (uric acid). 



6 
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GROUP L Section I. 



•ACIDS, WHICH ARE PRECIPITATED FROM SOLUTIONS OF THEIR SALTS 

BY CHLORIDE OF BARIUM. 

THE PRECIPITATE INSOLUBLE IN HYDROCHLORIC ACID. 
^SULPHUBIO AOID (H«S04X HTDROFLUOSXUOIO ACID (H,Si,F9). 

Sulphate of Magneaium. FluoaOidc Acid. 



I. 

Chloride of 
Barium. 



II. 

Chloride of 
Calcium. 

IIL 

Heated with 
Conc^ 
H,804. 



IV. 

Fuied on 

Charcoal 

withNa,CO,. 



Mg8S04+«BaCl 

Whitea Ba«S04 

insol. in hydrochloric acid. 



Mg8S04+aCaCl 

white ^. Ca^04 

insoL in acetic acid. 

sol. in much water and hot hydrochloric acid. 



Reduction to flolphide. 

Tests, (a) Add HCl to the reduced mass; 
odour of hydrowlphunc odd gat, 
(&) Add HCl to the mass on a clean 
silver surface ; . 
black stain on the tUverp, 



a If the solntion of nilphale contains an excess of 
free bTdrochloxlc or nitric adds, the chloride or nitrate 




diluted with water bd'ore adointr chloride of barium, 
these salts, should they be formed, will be immediate)/ 
dinolTed. The dilution of the solution should neyer 
be neglected in testing for sulphuric acid with chloride 
of barium. Hie addition of a liUUe hydrochloric add 
should also precede that of chloride or barium, as this 
cDunteraiits the inilnenoe of certain dferates in case 
they mar be present 

B The Dlack stain is due to the fonnatlon of sulphide 
of silTer lAgsS). Any compound of sulphur will 
exhibit this reaction, and therefore it cannot be relied 
upon as a characteristic test for sulphuric add. 



HaSi,F,+3Baa 

white (crystalline) a Ba^SiaFf 

insol. in hydrochloric add. 



soluble. 



Dense ftunes/s. 

Test. Conduct the experiment in a platinum 
crucible, covered by a plate of glass; 
thefumei eteh the glau. 



a Addition of alcohol hastens and completes the 
predpitation : this reaction ftumlBhes also a duuacter- 
utic test for barium (see Barium). 

^ The fUmes are due to the formation of terflnoxide 
of siUoon (8iFa)/Uius— 

^itF9=SiF8 + 3HF 
The etdiing results trom. the action of the liberated 
hjdroflttorlc add (HF) upon the sUica of the i^aas. 
Tnu»— 

6HF + »90» s sSiFs + SHsO 
(See hydrofluoric add, p. 47.) 
Hydrofluosilicic add also decomposes when ex- 
posea to the air, or when eraporatecL and if in glass 
vessels the glass is attacked by the uberated hydro- 
iluoric add. 



I. 

Barium 
Salte. 



II. 

Calcium 
Salts. 



ni. 

Decompo- 
sition. 



IV. 

Blowpipe 
reaction. 



* Hie names of the hydrogen-salts of add-radioals (so-called "acids *^ have been placed at the head of the columns, in 
the following pages» on the ground of expediency. ConTentional terms have been retained^ in many instances, for the 
same reason. 
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GROUP L Section ii. 

ACIDS, WHICH ARE PRECIPITATED FROM SOLUTIONS OP THEIR SALTS 

IS^ CHLORIDE OF BARIUM. 

THE PRECIPITATE SOLUBLE IN HYDROCHLORIC ACID WITH DECOMPOSITION, 
CABBONZC AOID (H,CO,). SILIOIO ACID (HSiO^a 



Carbonate of Sodium. 



Silicate of Potassium. 



L 

Chloride of 
Baiiiim. 



IL 

Chloride of 
Calcium. 



III. 

Nitrate of 
Silver. 



Na,COg+«BaCl 

white Ba^CO, 

sol. in hydrochloric acid, if heated gently to 
expel carbonic anhydride ; not reppt. by 
hydrate of ammonium. 



NaaCOa + iCaCl = 

white Ca,CO, 

soL in acetic add. 



NatCOa + iAgNO, = 

White AgaCOa 

sol. in nitric add and hydrate of ammonium. 



IV. 

Heated with 

Hydrochlo- 

no Acid. 



V. 

Fuiedon 
Platinum 
Wire with 
Na,CO,. 



Effervescence a. 

(evolution of carbonic anhydride) 

Na8C0a+ «HCl==HaCOa+ ^NaCl 

and 

HaC0a=C0g+H80 

Test. Conduct the gas into lime-water or 

baryta- water; 

SCaHO +COasGasCOa-l-HaO. 



a This reaction takes place even with the weakest 
adds*. 

This does not oeeur however with hydiocTanic or 
hTdrosulphnric sddt. 

Bubstanoes tested for caibonic scid by this method, 
if in the Bolid state, ahould first be heated with water, 
as otherwise sir-bubbles will be disengaced on adding 
the acid, thus Himulating the escape of carbonic an- 
hydride. 

^ This ppt dissolves if ezoess of carbonic anhydride 
is passed into the lime-water, fh>m formation of the 
sorable add carbonate of caldum. 

CaHO+COga CsHCOa 

add salt' 

* The add must be added in excess. 

t Baits of other addradicals (cyanates,sulphide8) &c.) 
sre deoompoaed by adds with effervescence, but in 
such cases the escaping gas is suffldently recognised 
by diaiacteristic odour and other reactiona 



KSiO, + Baa 

white 

aol. in hydrochloric acid. 
insoL in water /?. 



.BaSiOa 



I. 
Barium Salts. 



KSiO. + CaCl 

white CaSiOs 

sol. in hydrochloric and most acids, 
inaol. in water. 



II. 
Caldum Salts. 



KSiO.+AgNO, 
white 

sol. inacida. 
inaol. in water. 



.AgSiO, 



i. HCl+eoneentrotei solution of alkaline sili- 
cate 7. 

White ppt 

KSiOg + Ha = HSiOa + Ka 
(ppt. s= gelatinous or hydrated silicic acid). 

iL HCl 4- di/ute solution of alkaline silicate. 

No ppt. 

(silicic acid remains in solutions). 

Teat Evaporate the solution to dryness ; add 

HCl and water to reaidue; evaporate 

again; 

wAtfe/Nnm2«rsepani^(silicicanhydride e). 



III. 

Argentic Salts. 



IV. 

Decompoai- 
tions. 



Transparent bead, (cold.) 

(characteristic). 



V. 

Blowpipe 
reaction. 



a The fovmnla h«re jKlTen for sUlde add supposes 
the atomic weisht of siUoon to be »(^ the anhydride 
then becomes BiflOs. 

^ The silicates of potassimn and sodium are the 
only ones soluble in water. , ., . ^ ^ , 

y Hydrochloric add should be added drop by drojp, 
and the solution stirred. The great majority of sm- 
cates are not decomposable by adds (hydrofluoric 
excepted). They may however be renderod decom- 
posaole by fusing them with three or four times their 
weight of the mixed carbonates of potassium and 
sodium. The Aised mass is readily soluble in hydro- 
chloric add, and the siUca may be separated by evapo- 
ratLngto dryness and treating with hydrochloric add. 

To detect alkaline metsls in sOicates. hydrate of 
barium must be substituted for the mixed oub^ates. 

Before ftision, or treating with adds, the siUcate 
should be reduced to an extremely line pulverulent 
form in a mortor. Nitric add is used in the case of 
silicates containing lead. 

a Doveri sUtMthat solution does not occur, but is 
only apparent from the extreme transparency of the 

'"s^c add to only sohible in sdds at iht vMmtni af 
««artiHon from ito solutions, and then appears to 
enter into combination with the add (Oraham). 

ff Silidc anhydride is absolutel y sa luM s f this is often 
termed Insoloble silica. siUdc sdd Aeing termed 
soluble silica. This solubili^ occurring however only 
under the condition stated in the foregoing note. 



/ltA.SCe*4,^ 
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GROUP I. 

ACmS, WHICH ABE P&BCIFITATED FBOM SOLUTIONS 
THB PEECIPITATE IS SOLUBLE IN HYDBO- 
PHOSPHORIO AOID (H.POJ<i. BORAOIO AOID (HBoOJo. 

Fhotphale of Sodium. Bi-bonrtc of Sodium (Bonx). 



Molybdato of 



VL 
Heated with 
Concentrated 

H,S04, 
alone and witb 
other reagenti. 



\0t-t-3f/^0 « SLHsPC, 



y 



Ni,HPO« + iB^I = 

white B.,HPO. 

■oL in hjdroohloiic add, reppt. b; hydnte of 



inaoL in water. 



Na,Bo.OT + iBaa = 

White BaiBojOr 

■oL In hjrdraobloib arad, not Mppt b; hj< 

drate of ammonfum^ 
•at. qtaiin^y in water. 



NatHPO^-flCaCl 

white 

toL in bjdrDohlone 
hjdrate of amm 



...0»,HPOi 

tic add, reppt. bj 



Na,HP04 + jA«N0, = 

yellow 

Ml in nltrio or aoatio 



AgiPO. 

add and In hydrate 



NB.HP0. + Fa,01, » 

white-yellowis (FigjiPOJt) 

tnanl tn aMitln tAA ^ 



N*,HFO,+'rHMO,+NH,MDO,= 
yellow ) ( oranpoand of plioiphoric 

(formula > i aiu] molybdic adda with 

unknown}) ( ammonimn 

in»L in dilnte addi. 

aol. io aJkalJea and (bdr oarbonata*. 



Na^tOj + iGaCl >• 

white Ca,Bo.O, 

■oL in bjdiaohlorio or acetlo add. 
■oL in ammonium aalta. 



Na,Bo,0, + «AgNOi =Bo,0,+ 

Whiter lAgBoO, 

•dl. in nibrio add and in bydrato (d ams 



Test. TW the aealn i 

hm kU a gntnjUmti. 



aabTdrfde (FiOi) irbni dlmlnd in ■ Thli ib» ba onddend u nprcNntlH Um ta 
viin Umw dUfnvit hjitaJciD •all* icconl- of the moDclbaraUa Tba uhnlThia oomHiwd ir __ 
indtUODi tmdEt wlil^ Um lOlaUon tilua ■ moDobont* inar ba taken at the trpa of tlw U- 
learr bonlat-thni Bo^+IllBoOi = Hi"- '^ 

■ — '-itlon rf horaeie acM, or of ai 



Uie latter miul in coiDblned with ID alkali, olhar- 

— -■ — ri— , wltB a iHie portlfHi would TolatlU» OD erunnilon. 

■alnOoDi con- | Tat gnca eolonthm la OHWt appannt at tba edn 

*-- *-inewbeDTlaiieda^lnalBdariEback(roiDi£ 

if cotipar alM manireat tUa chanotailaUc 
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Section hi. 



OF THEIB SALTS, BT CHLORIDE OP BARIUM. 
CHLOBIG ACID, WITHOUT DECOMPOSITION. 

OXAUC ACID (HAOJ. HTDROFLUORIC ACID (HF). 

Oxalate of Ammonium. Fluoride of Potasrium. 



(NH4),Ct0^a+2BaCl = 

white Ba/5,04 

sol. in hydrocUoric add, reppt. by hydrate 

of ammoniam. 
tol. sparingly in water. 


KF + BaCl = 

white BaF 

80L in hydrochloric acid, ruppt. by hydrate of 

ammonmm. 
inaol. in water. 


L 

Barium Salts. 


(i<iH4).C,04 + iCaCl = 

white/5 Ca^CA 

■oL in hydrochloric add. 
inioL m acetic add. 


KF + Caa = 

white a=fluor spar. CaF 

80L sparingly in hydrodilorio add, reppt. by 

hvdrate of ammonium. 
inaoL in acetic acid. 


. II. 

Oalctum Salts. 


(NH4),C.04 + «AgN0,= 
white Ag,C,04 




III. 




Argentic Salts. 






IV. 






Ferric Salt. 






V. 




• 


Molybdate, ke. 


i. H^4-f- oxalate. 

Effeirescence. 

(evdntion of carbonic oxide and anhydride.) 

H AO4 + H1SO4 = HjSO^ . HtO + 00 + CO. 

No bladoening of the compwndy, 
Teet. Ignite the evolved gaaet ; 

carhome oxide bunu vdth Muejlame, 

ii. H^4+Mna0,+ an oxalate. 

Effeirescence. 

(evdution of carbonic anhydride only.) 


i. HgS04+ fluoride.^. 

Dense fdmes. (io mdet air.) 
iKF + H,S04= iHF + ig304 

fumes 
Tests, (a) Pvngeni odour, 

(6) Corroiive aeUon on glany, 
6HP •!• SisOs » SSiFs -f- SUsO. 

ii. HgS04 + Sand (SiaOs)+ fluoride (the pro- 
ducts being conveyed into waterd). 

Deposit of silica, (gelatmousppt.) 
3SiF, + iH,0 = HSiO, + H,Si,F^ 

Test Add chloride of barium to filtrate ftom 
ppt, ofJhMiUeaU of barinm (BajSiaFo). 


• 

VL 

Deoompoflitions. 


« If oialfc add ii oaed, the add oxalata li fonned 
(BaHCi04> ; the nacttoni with solvents are the same 
in each case. 

fi In dilate sohitloDS the ppt appeals only alter some 
time. 

Oxalates of cbromltmi and iron are not precipitated 
by chloride of caldnm, as they form solftble doable 
ialts with oxalate of caldnm. 

y This reaction Is eharacterlsticL since meet complex 
acid radicals (femcf anide excepted) blacken at veil 
as yield carbonic oxide. 


a Addition of hydrate of ammoniam promotes pre- 
dpitation, wliich asnalljr without tiiis precaution is 
har^ perceptible. 

fi Tbu reaction cannot be obeerved if the experiment 
is conducted in a j^ass vessel, or if silicon is present in 
any form. If silica Is present, or the comjpoond is not 
decomposable bv solpboiic add, the following plan 
most be adopted:— ** Fuse the sabstance with carbo- 

mass in water^predpitate the silica by carbonate of 
ammoniam and filter it off— neutralise the filtrate 
with acetic add, and add chloride of caldanL" 

y The etching property of hydroflnorio add de- 
pend! on the remarkable affinity of fluorine for slli- 
oon. The finely divided fluoride should be placed in 
a platinum cnidble, concentrated sulphuric add 
poured on it, and toe whole covered with a alass 
coated with wax through which a device has been 

turpentine, when the etching will be plainly visible— 
aCi^-l' 4HsS04 + 8U)8:s2HF + 88if^ -t- 4Ga«S04 •(- SHfO. 
Hydrofluoric Add is first formed, and thU reacts upon 
the SiUca of the glass. (See Hydrofiuo-itlidc Add, p. 
44. note ^.) 

< This experiment may be performed in a test-tube 
iVimished with a cork and bent tube, the Utter dipping 
into mercury, covered with a layer of water. The 
apparatus must be perfectly dry lor obvious reaaona 
To detect very smaU quantities of hydrofluoric add, 
the delivery tube may be wetted tntemaUy. when the 
deposit of silica in minute quantity will be discovered. 
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GROUP L 

ACIDS, WHICH ARE PRECIPITATED PBOM ALKALINE OR NEUTRAL 

ACID SOLUTIONS OF THEIR SALTS 

CHROMIC ACID (HCrO,)^ SUIfHUROITS ACID (H.SO0. 

Chromate of Potassium. Sulphite of Ammonium. 



I. 

Chloride of 
Barium. 



n. 

Nitrate of 
Silver. 



KCrO, + Baa = 

pale yellow BaCrO, 

8oL ID hydroohlorio and nitric acid, reppt. 

from solution in the former by hydrate 

of ammonium, 
insol. in water. 



KCrOt+AgNOa 

crimson (crystalline) AgCrOg 

soL in nitric add and hydrate of anmionium. 



(NH4).S0,+2BaCl = 

white Ba.80, 

floL in hydrochloric acid a, not reppt. by hy- 
drate of ammonium if boiled to expel the 
Bolphorous add. 



IIL 

Acetate of 
Icead. 



IV. 

HydroBUlphn- 

ric Acid Gas. 

passed through 

a solution. 



Hydrochloric 
Acid. 



Zinc and 

Hydrochloric 

Acid. 



Heated with 
Conc^ HtS04. 



KCrO,+ PbC,H,0, = 

yellow PbCrOt 

insol. in water and chloride of ammonium. 
soL in nitric add and hydrate of potasnum. 



L Acid solution (HCl) of a chromate. 
4KCrO, + loHOl + sis = aOriCla + 

whi te-yellow g. 38 (pp ^- )• 

ii. Neutral or alkaline solution of a chromate. 
4KCrO, + sHja = 3S (PP*-) + 
green/S iCraH^Oa 



(NH4).S0,+ iAgN0,= 

white (grranular) AgtSO, 

becomes dark grey when boiled/3, 
sol. in hydrate of ammonium. 



(NH4),S0,+ «PbC,H,0,= 

White i*b,80, 

insoL in water. 



5H,SO,7+5H^ =HAO« + 

white-yellow 5S(ppt.) 



The reaction Is similar to that exhibited by 
sulphuric add and a chromate. Chlorine 
IB CYolyed. 



(NH JjSO, + ^HCl = SO, + H,0 + «NH4Cl 
no precipUatitm ofnUphur9. 



Evolution of Oi^geny. 

Test Apply a piece of kindled wood to escap- 
ing gM; 
IrnnU ttUoJtame. 



Evolution of H,S gas. 

Test. Contact with paper moistened with 
acetate of lead ; 
paper is lUackened, 



« The wiqalchloilde of chromiiim has a green cokmr : 
this together with the pale yeUow ppt of ralphnr is 
chancteristic of duomlc salu, and Detnys their pre* 
lence in the ^fstematlc conne of analjrala for baaea. 

p In this caseagreen ppt of chromic hjdtate aooom- 

^ K'.Gr!o7 + 4SJSS^ = KJ304 + (Cr»)»(B04). 
bii£rom«te •f4H^+0a 

* The hydrogen salt has not been iaolated. The an- 
hydride (CrtOS ii obtained in the form of dark crim- 
aott oyiBtalak ftom an aqneoaa lolatton of diromic add. 



Effervescence. 

(evolution of sulphurous anhydride.) 
Test. Odour of hurmng tulphwr. 



« If this hydrochloric add solution is boiled with ni- 
tric add, the sniphlte is converted into sulphate ; this 
beingan insoluble salt is inedpitated. 

B The white sulphite is deoompoeed into sulphuic 
acid and metallic silver. 

J I This deoompodtion only oocnrs in the case of firee 
phnrous add. If the experiment is performed with 
a sulphite, the Utter must be previously treated with 
hydrodiloflc add, as in the next reaction. 

i This reaction with hydrochloric add. wUhtnU m- 
eipUaHon ofsulphmr^ affords a means of diattngniahing 
sulphurous from hyposolphurous add. 



r 
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SeOTION IV. 

SOLUTIONS OF THETR SALTS, BY CHLORIDB OF BARIUM. 
DECOMPOSED BY HYDR08ULPHURIC ACID. 



HTPOBUU^HUROnB ACID(HJ3,0,). 

Hyposulphite of Sodium. 



IODIC ACID (HID,). 

lodate of PotasBiuin. 



NatSiOa+iB«Cl == 

white 

toL in hydrochloric add a. 
sol in boiling water. 



.BaJStO, 



NaAOs+aAgNO, = 

White AgAOa 

becomes yellow, red, and finally black/9, 
sol. in excess of hyposulphite of sodium. 



NaAO, + iPbC A0,= 

white (becomes black when cool) 7. . .VhJ&fi^ 

sol. in alkaline hyposulphites. 



This acid is introduced as a member of Sec- 
tion ly because since in practice the 
members of this section are detected in 
testing for bases, and the addition of 
hydroBulphuric acid is preceded by hy- 
drochloric acid, the mere addition of 
the latter is sufficient to decompose the 
solution of a hyposulphite with separation 
of sulphur. 



NajS,0g+iHCl =SOg+ 

white-yellow« 8 (?!*•) 



Reaction the same as in the case of sul- 
phurous acid. 



Evolation of Bulphnroas anhydride. 



Lt/hoti 



a Nitric add conTetts the ppt. Into solpbatci, which 
Is insoluble. .., 

. B The change in colour results fkom decomppntion 
jT i^oAhe ««lpMiyWid fonnation of the black sulphide of 

' I Y Nitric acid convertfl this ppt into sulph^ - 
I JEbposolphurous add is lint set free, and nipiw 
decomposed into sulphurous add and snlphiu'. The 
snlphuious add further decomposes into ^ter and 
sul^urouB anhydride, the presence of the latter being 
nyealed \sj its chaiaeterisOc odour. 



KIOa-l-Baa 

white (granular) , 

sol. in nitric add. 
9oL sparingly in water. 



.BaIO« 



KIO,-l-AgNO, 

white Agio, 

soL in hydrate of ammonium. 
80L spanngly in nitric acid. 

KIOa-l-PbCJEUOa = 

White PblO, 

soL sparingly in water and nitric acid. 
aKI0,-f3H,S =:Hj^04+ 

white yellowa «S (ppt.) 



A The decompoBltion of iodic add br hydrosnlphuric 
add is attended with evolution of nee Iodine, and 
subsequent fonnation of hjdriodlc add. 



I. 

BttriomSalt. 



n. 

Argentic Salt. 



in. 

Plumbic Salt. 



IV. 
Decompositions. 
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GROUP IL 

ACIDS^ WHICH ABB PRECIPITATED FROM SOLUTIONS 

THE PRECIPITATE SOLUBLE IN 

hydbooii]:k>rio aoid hypb ob rom to acid 

(HCl). (HBr). 

Chloride of Sodium. Bromide of Potanium. 



I. 

Nitrate of 
Silver. 



NaCl + AgNO. 

white (ctirdy)o AgCl 

toL in hydrate of ammoniun, reppt. by 

nitric acid. 
inaoL in dUuie nitric aoid. 
fuses without decomposition on being heated. 



KBr+AgNO, 

white-yellow (curdy) AgBr 

soL in hydrate of ammonium, reppt. by nitric 

acid, 
insol. in diluU nitric acid, 
fuses without decomposition on bong heated. 



IL 

Ferrous Sul- 
phate and 
Ferric Chlo- 
ride. 



in. 

Sulphide of 
Ammonium. 



1. 



Solid chloride + HaS04/9. 
Fnmes of HGl gas. (effervescence.) 
aNaCl + H^4 S iHCl + Na.S04 



u. 



IV. 

Treated with 

Conc^i Sul- 
phuric Acid, 
alone and 
with other 
reagents. 



Solid chloride + H^O^ + a chromate7. 

Bed mmes, 

condensing to a blood-rtd liquid (chloro-chro 

mio acid)d. 
Naa + HtS04 -f KCrOt s KNaS04 + HtO + 

zed liquid CrOCl 

Tests, (a) Add hydrate of ammonium to liquid; 
eolaur beeomet yellow, 
CkOC1-MNH4HOsNH4C1 rNH4.CiOa-l-HsO 

(6) Add slight excess of acetic aoid to 
the yellow solution: then nitrate 
of Buver; 
enm§onppL 
NBtClOf -h A«NQas AgClOB -r NH4NOS 

iu. Solid chloride -I- HaS04 + MngOs. 

Evolution of chlorine gas. 

aNaOl + HtS04 » aHQ + Na^O« 
and 
4Ha+MnflO,«Clt+9MnCl-faH«0. 
Tests. Odour. Colour, BUodkm moiti vege- 



a This put beooniM riolet on expotnre to Uglit*. 

fi The duoridM of morairx, direr, lead uMltln r»> 
■tot deooni|KMitk>ii bj ralphiuie add. 

Y (SoUd chloridM in inwnnoe of s nltrste, when 
hMted with oonoantratad Milphario add, erolTs chlo- 
rine Mid nitnnu f^miei.) 

l%e chloride in thii experiment shoold be perfectly 
dx7» M slao the sppurstae in which it is performed 
The gM may be condnoted fhnn the test tabe in which 
nnerated, to another anmmnded with water, to oon- 

Chtoro-dimmle add to readUj decomposed bj water. 
9 The formola to Bometimea written 
OlGls . CriQs s S(GrOCl). 

* Most of the adds of Oronp L an also predpltated 
bj nitrate of sUver, bat the sHver salts of Oronp I. are 
soiBdently dlstincnlahed fhm those of Qroap II. br 
the solaMlitj ofthe fonner in dUato Bitrk add. 



I Solid bromide + H«S04 a. 

Evolution of bromine vapoar/3. 

3KBr+HaS0«=2HBr+KtS047. 
and 
aHBr+HaSOfsaBr+HaSQs + HyO. 
Teste, (a) PungaU odour, Med4»rown colour, 
(6) Contact with starch-paste on a 
glass rod; 
ydlow or orainffe colour. 



*• 
u. 



Solid bromide -f HsS04 -f a chiomate. 

Evolution of bromine vapour). 

(condenses to red-brown liquid.) 
9S:Br-»- H«S04 + KCrOt = aHBr -I- K«S04 

and [-l-KCkOa 

aHBr + HtSO« = aBr + Hi80s + H/) 
Tests, (a) Add hydrate of ammonium to liquid; 
ieoomet co(oiir2ef0. 
(6) Add nitrate of silyer to the colour- 
less solution ; 
white ppt. 

iil Solid bromide -I- HaS04 + MntOt. 

Evolntion of bromine vapour. 

[the reaction is similar with hydrooUorio add.] 
Testi as abore, i. 



« With diloto iolphuric add, hydrobromlc add fM 
toerolred. 

B Chlorine-water (not in exceed also Ubaratea Imp* 
mine when added to a solntion of a bromide. The bro- 
mine dissolves in the water, rendering it yeUow or 
oranae according to qnantitT present, n this solntion 
to agttated with some ether, the latter dissolTcs ont the 
bvomlne from the water, and on standing rises with it 
to the sorCice of the liqnld, as a rsd-brown hijei^ 
Thto layer, if decanted and agitated with hydrate of 
potassinm, to decolorised fh>m formation of bromate 
of potasslom. On erapomtioa and ignition the latter 
to conTsrted into bromide of potassinm (Thto reaction 
will not distinanish between bromine and iodine.) 

y If snlphnrtc add to added to a bromide, in the 
cold, thto rsadion only takes place: hydrobromic add 
bdng liberated, heat oaoses the farther decompodUon. 

dKo bromo-chnimlc add to known. 
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Section l 

OF THEIB SALTS, BY NITRATE OF SILVER. 
HYDBATE OF AMMOKIUM. 

HTDBOCTAHnO ACID 

(HCy). 
Cyanide of Potassiam. 



HTDBO-FEBBX-OTANIO ACID 

(H,Fe,Cy.=H,Cfdy). 
Ferrioyanide of Potasdum. 



.AgCy 



KCy+AgNOa 
white (curdy) 

8oL in hydrate of ammonium, and conc^ nitric 

acid, 
inaol. in diltUe nitric acid, 
decomposed on ignition with separation of 

metallic silver and cyanogen. 



A mixture offemua ndphaU and ferric ckUh 

ridecLm 
6KCy + FeaS04 = 2 (KgFeCya) + K9SO4 

and 
3(K^eCya) + lYejCit = 

blue = Prussian blue (Fe,)2(FeCyg)| 



KaCfdy + sAgNO, = 

orange AgsCfdy 

soL in hydrate of ammonium. 

insol. in nitric acid. 

decomposed by heat with separation of metal- 
lic silver. 



KOy+Ha =HCy+KCl/5 
and 
HCy+NH4HS+S=NH4CyS+H,S 
The sulphoojranide of ammonium is treated 

with ferric chloride. 
SNH^CyS + FeaCl, = 

blood-red Bolution TeJPjS)^ + 3NH4CI 



L Solid C3ranide + H,S04 7. 

Evolution of carbonic oxide. 

9KCN + 2H,01 J (NH4)^4 

aH,S04' ) " (2C0 + K,S04 

gas 

Test. Ignite the gas ; 

wmi with oluefiame. 

[With dXhUe sulphuric acid or hydrochloric 
add, cyanides evolve hydrocyanic add 
gas (see above III) : much caution should 
be exercised in peribrming this experi- 
ment from the poisonous nature of the 
vapours. They bum with a blue flame.] 



iK,Cfdy+3FegS04 = 

blue.. :....«FegCfdy 

insol. in water and hydrochloric add. 
the ferric salt is soluble a. 



I. 

Argentic Salts. 



II. 

Ferrous and Ferric 
Salts. 



III. 

Ferric Sulpho- 
cyanide. 



Ferricyanides behave like cjranides with con- 
centrated sulphuric acid and with dilute 
sulphuric or hydrochloric add. 



« The addition of hydrate of potassiiini mtut pre- 
cede that of the mixed aalU of iron (since the reaction 
does not occur in presence of free hTdroqranic add). 
And since the alkali itself forms a dense ppt. of fer^ 
roos and ferric hydrate, which obscnres the praBsian 
blue ppLp it is necessary ftirther to dissolve the oydrate 
ppt. m some dilate byorochlorlc acid. 

fi This experiment should be performed in the fol- 
lowing manner— place the cyanide in a watch-glass; 
add a few drops of hydrochloric acid: inyert another 
watch-^ass over the first, the interior being.moistened 
with sulphide of ammonium containing an excess of 
snlphur. Alter the sulphocjranide of anunonium is 
formed, evaporate all remaining sulphide of ammo- 
nium from toe upper watch-glass In a water-bath, then 
add the ferric chloride to the residue. 




n 

The 

hTdrosolphuiic add. 



IV. 
Decomposition. 



a The solution of a fexriCTanide after adding ferric 
chloride assumes a green tini This coloration appears 
to depend on the invariable presence in practice of a 
trace of a ferrous salt 
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GROUP II. 



ACIDS, WHICH ABB PEBCIPITATED FROM SOLUTIONS 

THE PRECIPITATE INSOLUBLS 

HTDRIODIC ACID HTDSOSUIJHURIO AOID 

(HI). (H,S). 

Iodide of PotassiuixL Sulphide of Ammonimn. 



r 



I. 

Nitrate of 
Silver. 


KI+AgNO, 

pale-yellow (orystalline) a Agl 

iusol. in hydrate of ammoxiiam/S. 
insoL in dUate qitric acid7. 


(NHJ^-haAgNO, = 

black Agfi 

msol. in hydrate of aomionium, and oold di- 
lute nitric acid. 

aoL in boiling nitric add, with separation of 
sulphur. 


II. 


KI + PbC.H,0, 
orAn^fi (crvstalline) Pbl 


(NH4),S+4PbC^,0,= 
black o. Pb,8 

msol. in cold water and dilute acids. 


Acetate of 
I«ead. 


sol. in boiling water, and in chloride of ammo- 
nium. 
inBol. m hydrate of ammonium. 


ni. 


iKT + (Cug),804« = 
whitA-hrown iCu«I 


[(NH4)^ + 2Cu,Cl/3 = (0u,),S+4NH4a] 

black 


CuprouB 
Sulphate. 


decomposed by nitric or sulphorio acid with 
evolution of free iodine. 




IV. 

Oupric 
Sulpnate. 




[(NH4)^+Cu,S04 = Cu,S + (NH4),S04] 

black 




V. 

Ferrous 
Sulphate. 




[(NH4),S-».Fe,S04 - Fe^ + (NH4)aS0 J 

black 






VI. 

Ferric 
Chloride. 




[3(NH4),S + 4Fe,Cl, =» (Fe,)A+6NH4Cl] 

black 






VII. 

Heated with 

Concentrated 

Sulphuric 

Acid. 


SoUd iodide + H,S04 

Evolution of iodine vapour. 

(condenses, if much iodine, to black crystals.) 

iKJ + HjSO^ = il + K^O/ 

Test. Contact with starch paste on a glass 
rod ; 
iht atareh becomei blw^. 


Sulphide +HgS04 or KCiy. 

Evolution of H«S gas'. 

(NH4),S -1- HaS04 = H^ -1- (NH4);804 
Test. Cootact with paper moistened with 
acetate of lead; 
the paper is blackened. (Pb^ 
Odour, 




Solid sulphide -fHNOse. 


Heated with 
Concentrated 

Nitric 

Acid. 


(Bee note e.) 


Separation of sulphur, 

with formation of sulphuric acid. 
iFcgS-H ioHNOa-2Feg(NOa)ai-+4HgO-|- 




a The ppt. becomes dark on expoeure to light 

p Addition of hydrate of ammonium decolorlsei 
the solution. 

y Oonc<i. nitric acid decomposes the ppt. with separ 
ration of free iodine. 

S The cuprous salt is generallT formed for this pur- 
pose by- adding ferrous sulphate to cupric sulphate, 
IhM. 2Cfu«804 + 2Fe«S04= (Cu,)aS04+(Fefl),(8O4)a. 

c Chlorine reacts with iodides as with bromides (see 
p. 60X The colour of the ether solution is violet or 
red-brown. The iodine may be converted into iodide 
of potassium, and tested by nitrate of sUver. 

Many other compounds decompose iodides, with 
erolttuon of Aree iodine,- e.g. bromine, nitric acid, 
nitrous add, hydrochloric add. sulphuric add, and 
peroxide of manganese. According as the iodine is in 
excess or less in quantity, so is it predpitated In the 
form of black cryirtalfi, or given off as violet vapours. 

( If much iodine Is present the colour is black. 

• The intermediate reaction, with HI and HgS04 oc- 
curs here, as in the case of HBr, Bromine (p. 50). 


a TUs reaction is very diaracterlstic; a piece of 
paper moistened with a soluble «alt of lead (acetate) 
manifests it in presence of hydrosniphuric add sos- 
pended in the gaseous form in the air. 

p This salt mav be formed by adding staimoas 
chloride to a solution of cupric chloride, or by boiling 
metallic copper with an add solution of cupilc 
chloride. 

y Many sulphides are decomposed bv dU/uU sul- 
phuric or hydrochloric add, e.g. sulpnidee of the 
alkalies, alkaline earths, iron, mansanese and zin& 
Others, as sulphides of cobalt, nickel, antimony, lead, 
require concentrated add. 

a Some sulphides, e. g. copper, lead, do not evolve 
tills gas when treated with smphnric or hydrochloric 
add. 

c Sulphide of mercoiy alone resists the decomposing 
action of oonc^ nitric add. It only yields to the action 
of aqna-regia. 

i Oenerallv. the action of nitric add upon decom- 
posable sulphides, is to form the most highly oxidised 
combination of which the metal of the sulphide is 
susceptible ; thus, sulphide of lead yidds sulphate 
sulphide of tin, binoxide. 
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Sbction II. 

OP THEIR SALTS, BY NITRATE OF SILVER, 
IN HYDRATE OF AMMONIUM. 



HYDRO-FERRO-CTANIC ACID 

(H,FeCy,=H,Cfy). 
Ferrocyanide of Potaamum. 



HYDBO-BUU^O-CTANIC ACID 

(HCNS=HCsy)a. 
Sulphocyanide of PotassiuiiL 



K«FeCy,+ lAgNO, = 

white Ag.FeCya 

insoL in hydrate of ainmonium. 
insoL in dilute nitric acid, 
decomposed by heat, with separation of me- 
tallic silver. 



KtFeCy. + aPbCtHaOi = 

white PbaFeCy, 

soL in chloride of ammonium. 

insol. in water and hydrate of ammonium. 



[K^FeCya + iCuaa = (Cua),FeCy,+ aKCl] 

white a 



KCNS+AgNO, 

white AgCNS 

insoL in hydrate of ammonium, 
insol. in dilute nitric acid, 
decomposed by heat, with separation of me- 
tallic silver. 



KONS+PbC,H,0, = 

pale-yellow PbCNS 

(separating slowly) p 
decomposed by water. 



[KCNS+Cuta 



Cu,CNS+KCl] 

white 



I. 

Argentic Salts. 



II. 
Plumbic Salts. 



III. 

Cuprous Salts. 



K,FeCya + Cu^4 = 

red-brown CuaFeCy, 

insol. in acids^ water, and salts of ammonium. 



Forms with diffioulty7. 



IV. 
Cupric Salts. 



AFeCya+sFegSO^ = 

white (rapidly becomes blue)..2[KFe,(FeCy,) J 

nearly insol. in water. 

nitric add converts it into pnusian blue. 



V. 

Ferrous Salts. 



3K:,FeCya + «FegCl, = 

blue = Prussian blue. . . . (Fe^)2(FeCy^)z 
inaol. in water. 
0oL in nitric add. 

Solid ferrocyanide /3 + H^O^ 

Evolution of carbonic oxide 7. 

aKjFeCy, + 6H,0 ) j 6C0+ 3(NH4)8S04 

dHjSO^ ) ( aKjSO^+FegSO^ 

Test. Blue flame when ignited. 



Soluble, 

blood-red colour of solution characteristic, 
(see Hydrocyauic Add, p. 51.) 



VI. 

Ferric Salts. 



Solid sulphocyanide -h KfiO^, 

Evolution of carbonic ozidei 

with separation of sulphur. 
aKONS + aHaO) ( iCO+28 

iHjSO^ ) \ K^O^ + (NHJ^O, 



Tellow ppt 

(composition of the ppt. uncertain 9.) 



VII. 

Decompositions. 



a The ppt. rapidly beoomes brown, being converted 
into a cupric salt. 

fi Ferrocyanide of sodinm also reacts in this manner. 

Y With dilute sulphuric acid, hydrocyanic add is 
evolved from alkaline ferrocyanides, recognised by its 
odour. The decompositions are not to be relied upon 
for detecting this add radical. The reactions of^ its 
solutions with ferrous and ferric salts are chiefly em- 
ployed to distineuish it. 

Korthcote ana Church give the following interesting 
decomposition:— BoU a ferrocyanide (not alkaline) 
with hydrates or carbonates of potassium or sodium — 
ferrocyanide of potassium or sodiiun is thus formed— 
filter— evaporate the solution to "dryness— Ignite — a 
ftised mass is obtained— in that portion of the mass 
aoiuble in water an cUkaHne cyanide will be found if 
tested for (see Hydrocyanic Aad,p.51): in that portion 
inaohMe in water, after washing and dissolving in hot 
hydrochloiic or nitric add, iron may be tested for*. 

* Mcmwa qf QualitatiM Chemical AruOurit, p. MS. 



a This add Is found in the saliva. 

fi Converted by hot nitric add into plumbic sul- 
phate. 

y It may be produced in a concentrated solution of 
sulphocyanide of potassium, by adding sulphuric acid, 
and then a saturated solution of cupric sulphate. The 
ppt. is black, the formula Is CuCNs. 

H Chlorine gas passed into the solution of a sulpho- 
cyanide produces a similar ppt. 
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GROUP III. 

ACIDS, WHICH ABE NOT PRECIPITATED FROM SOLUTIONS OF THEIR SALTS, BY CHLORIDE 

OF BARIUM OR NITRATE OP SILVER. 



NITBIO ACID (H!^0,}. 

Nitrate of Potassium. 



OBUOBIO ACID (nao,)a. 

Chlorate of Potassium. 



I. 


«KNO,) 

+ > + ioFejS04/3= 
4H^0j 

brown compound 4Fe>S04.N,0, 

• 




Ferrous 
Sulphate. 




II. 

Sulpindi- 
gotic Acid. 


KNOa+ H8SO4 + Bulpindigotic acid 7. 

Colour becomes yellow. 


i 
KCIO, + HaS04 + sul^indigotio acid. 

Colour becomes yellow. 


IIL 

Sulphurlo 
Acid. 


i. Solid nitrate-l-HaS04+ metallic copper. 

Evolution of red ftunesd. 

2KNOs + 6Cu\ fK^04 + 3CuaS04+4H80 + 
+4HiS0« J" I NjO, (nitric oiide) 

and 
NaO« + 0, = NtO* (peroxide). 


i. SoUd ch1orate+ HsS04 (not heated). 

Evolution of green-yellow gas'/s. 

(hypochlorio anhydride.) 

SKClOg > (CZg04+Ka04+ 

+ lU^Oj-' aKHS04+ H,07. 


Hydrochlo- 
ric Acid. 


ii. Solid nitrate + Ha. 

Evolution of red ftimes and chlorines 

aKNO,+ 4Ha= JVa04 + Cf,+ 1KCI+ 2H,0 
Test. Bleaching potoer of chlorine. 


il Solid chlorate •)- HCl (not heated). 

Evolution of yellow gas. 

(euchloiined.) 
4KaOa+ I2HC1=(9C/+ 3aOg)+4KCl+6HiO 
Testa. Odour. Exflodu in contad mthjtame. 


IV. 

Sulphurous 
Acid. 




iii. KC10.+ sulphurous acid. 

Chlorate is decomposed. 

TflRt AdH nitr&lM of oilvAr* 




white ppL e, 

intolMe in nitric add^. 




a All nitrates era aolaUe in water, therefore thej 
are not precipitated hy reagents. 

fi If a enrtCal of ferrooB solphate is dropped into the 
soration of nitrate and add, a brown ring forms round 
the crrstaL Or the crystal may be diisolTed (without 
heat) in the solution of nitrate, end the add carefully 
added, when a brown stratum will appear at the Junc- 
tion of the two liquids. 

y A few drops only of solution of Indigo should be 
used. 

i Nitric oxide is first formed, but becomes oxidised 
by exposure to air, is converted into peroxide, and m^ 
pears in the form of red fumes. 

c The solyent powers of nitro-h/drochloric add 
(aqua resia) depend on the ready decomposition of 
nitric add by nydrochloric add, and simultaneous 
eyolntlon of free chlorine. 

SHNOa +3Ha « NSO4 -l-fflflO +SCL 

Hie wuotfU chlorine exerts a powerfully solrent 
action, greater than that of nitric or hydrochloric add 
separately. 


« All chlorates are soluble In water, hence they 
caimot be identified by the formation of predpitatea. 

The application or heat, In performing this experi- 
ment, should be avoided, and small quantities only 
of chlorate used, since the explosion which attends 
the decomposition at a high temperature is liable to 
be dangerous; without heat, a slikht cracklins occurs 
during the decomposition, the solution at the same 
time becoming intensely yellow. 

Chlorates do not exhibit the reaction with metsllie 
copper which Lb obserred in the esse of nitrates. 

y This is the chief insoluble salt of the perchloric 
radical. Perchlorates are suffldentlr distinguished 
flrom chlorates by deoompMing with dlfiknlty and not 
suflSsring decomposition by sulphurous add. (See 
above 1 v. and note (.) 

a This gas exffiodes Tiolentbr when heated. 

c The ppt. is a mixed sulphite and chloride of 
silver. 

i The ppt produced by nitrate of silver in a solu- 
tion of a eercUomte treated with sulphurous add 
consists entirely of sulphite of sQver, and Is sdnbie in 
nitric add. 



I. 



II. 



in. 

Decompo- 
sitions. 



IV. 



\ 
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ORGANIC ACIDS. 



GROUP I. 

ACIDS^ WHICH ABE PREOIPITATBD FROM SOLUTIONS OF THEIB SALTS, BY 

CHLORIDE OP CALCIUM, 

TARTARIC ACID (HAHA). CITRZC ACID (H,0,HA) 

Tartrate of Sodium. Citrate of Sodium. 



L 


NagC^H^O^-faCaa = 

White (crystalline) a Ca^C^H^O, 

toL in hydrate of potassium, reppt. on boil- 

ing/5. 
sol. in aoetio add. 


Na,CeHj07 + 3CaCl « 
white (crrstalline) a. Ca.C«H.O« 


I 


Chloride of 
Calcium. 


msoL in hydrate of potaasinm. 
sol. in acetic add. 


Caldum Salts. 


IL 

I^drateof 
Calcium. 


NagC^H^O^, + aCaHO = 

white (flooculent, thenciystaUine)..CagC4HA 

BoL in tartaric acid and chloride of ammo> 
nium, separating again after some time 
in the aystalline form. 


No ppt. in eold solutions ; 
a ppt. forms m boiUng solutions/ dissolying 
when cold. 


II. 
Caldum Salts. 


III. 

Chloride of 
Barium. 


NagC^H^Oe + iBaa = 

white Ba,C<HA 

BoL in salts of ammonium (except the hydrate). 
soL in hydrochloric acid. 


NaaCaHsOy+BBaa = 

white Ba,C,H.O, 

soL in salts of ammonium. 

sol. in adds and in much water. 


III. 
Barium Salts. 


IV. 

Nitrate of 
Silver. 


NajC^H^Oa+iAgNO.^ 

white (crystalline) Ag.OAO« 

sol. in hydrate of ammonium 7 and in acids, 
insol. in water. 


Na,C^A+3AgN03= 

white (flocculent) Ag^OeHsO, 

sol. in hydrate of ammonium /3 and in nitric 

acid, 
sol. in boiling ^nkter. 


IV. 

Argentic 
Salts. 


V. 

The solid 
■alt, heated 

with OotLG^ 

H,804. 


Blackening 

(separation of carbon) 
and 

evolution of carbonic oxide <. 


Blackening 

onfy on proUmoed hoiUng, 
and 

evolution of carbonic oxide% 


V. 

Beoompo- 
sitions. 


• 


ftPTMenoe of Mlti of ammoninm prmwntf precipi- 
tation; free ammonia pnmaUt it If hydnte of 
ammoninm is added to a small qnantlty of tartrate 

added, on cantlonsly beating the aides of the teat-tnbe 
become coated with metallic stlTer. 

^ Tartrate of calcinm, after being re-predpitated 
fh>m the boiling iolntion in hydrate 01 potaaainm, 
again re-diaaolTes on cooling. 

Y On boiling, this solution becomes black, from, the 
reduction of sUTer to the metallic state. 

d Bnlphnrons and carbonic anhydrides are simnl- 
taneonaly evolved. An odonr of bnmt sugar is appa- 
rent on heating. 


« In dilate solutions, the ppt only appears on boil- 
ing, citrate of calcium being less solnUe m hot than in 
cmd water. 

No ppt is produced with dtric add itself: this 
must therefore be neutralised by salts of potassiam 
or sodium. 

Presence of salts of ammoninm prmwnti predplta- 
tion : tree ammonia promoUi it 

fi Ko blackening occurs on boiling. 

Y Sulphurous and carbonic anfydrldea are also 
evolved. Acetic add is also one of the products of 
deoompodtion. 
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ORGANIC 



GROUP 

ACIDS, WHICH ABE PRECIPITATED FROM NEUTRAL 
SnCCZNIO ACID (HAH^O.). BENZOIC ACID (HO,H.O^ 

Sttodnate of Ammonium. Benzoate of Ammonhmi. 



L 


red-brown a..... (Fel)-(CAH<.OJ.t 


3(NH4. C7H4OJ +Fe,Cl,=r 

bniftt Fe,(0,H,OJ,l 

sol. in most acids. 

decomposed by hydrate of anmionium. 


Ferric 
Chloride. 


BoL in hot acetic or Buccinic acid/3 and in 

mineral acids, 
deoomposed by hydrate of ammonium. 


n. 

Nitrate of 
Silver. 


(NH4),C4H404+ 3AgN0,= 

White Mfififi^ 

sol. in hydrate of ammonium and nitric acid. 
soL sparingly in water. 


NH^.CyHjOj+AgNO,^ 
white AgC^H^O, 

sol. in hydrate of ammonium and nitric add. 
soL in boiling water. 


nr. 

Acetate of 
Icoad. 


white Pb^HA 

sol. in nitric acid. 
insoL in alcohoL 


NH^.CSyH50g+ PbCAO,- 
White (After some time)/3.....PbC7H«0, 


IV. 

Chloride of 
Barium. 


white BagCAO* 

if alcohol U previotuly addtd to the $olutiony. 


soluble, even in aloohoL 


V. 

The solid salt 
heated with 
Conc<^ HsBO^. 


Volatile, 

without decomposition. 

No blackening. 


Volatile, 

without decomposition. 

No blackening. 








Solntion heat- 




ed with KHO. 






VL 

Bolution of 
Oelatine. 












A The oompositioii of this ppt is variable. 

fi Hence in a Bolution containing an excess of add, 
ferric chloride produces no ppt 

y If the solution to be tested oonsistB of tne sac- 
dnic add it must be nenfcrslised b/ hydrate of ammo* 
nium before adding alcohol and chloride of barium. 


« The whole of the iron is predpltated if ammo- 
nium is present as above. Hence bensoate of ammo- 
nium is emplojed to separate ferrous and ferric salts 
fh>m a solution in which both are present The iitm 
may then be removed from the precipitate by hydro- 
chloric add, leaving bensoic add undissolved, (h'the 
latter msy be removed by hydrate of ammonium, 
leaving the iron as ferric hydrate. 

fi If benxoic add is combined with jpotasdom or 
sodium instead of ammonium, a white llooculent ppt 
is thrown down. The ppt formed above is very slight 
even after the lapse of some time. 
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ACIDS. 



II. 

SOLUTIONS or THEIB SALTS, BY PSRRIO CELOBIDB. 

aJLLUG ACID (H.0,H.OJ. TANNIC ACID (H.0„H„O,t)- 

Gallic Add. Tannic Add. 



HjCyHjOs+FejCl, = 
bluish-black BOlationo FesG,HaOa 


H,C^H„q^+Fe,Cla = 

blnish-blacka ^^0„Bifiij 


L 

Ferric Salts. 




H,C,yH„0,7+sAgN0,= 

red-brown ^^wi^ifiir 


II. 




Azgentio Salts. 


white/8 Pbja[C^,o, 

■ol. in oonc^. acetic acid. 


nfi„n^fi^J + 3PbC A08= 

white PhsQwHisO^t 


ni. 

Plnmbic Salts. 


H3G,H,0ft+BaCl = 

white BaH^CyHjO, 

•ol. Bparingly in water. 


white Ba,0„HiA7 

insoluble in water. 


IV. 

Barium Salts. 


Blackening. 

(sepantioD of carbon.) 


Dark purple liquid. 


V. 
Decompositions. 


Brown coloration. 

nMnediaidify, 


Brown colorationA 






White viscous ppt. 7. 


VI. 




Precipitation of 
Grelatine. 


a On boOlnff. the Ugnid deoolorixee with foimatlon 
of a fenouB Bui sad ewape of carbonic anhydride. 

B ThlB ppt alio contains tome water of ezTstalli- 
ntton. If the acetate of lead is in excess the gaUic 
add is oompletelj precipitated. 

y From rapid oxidation and fonnation of a brown 


a 1Mb oonstitates the colouring matter of ink. 

sod, hence the coloration is not so immediate; 

y This reaction is characteristic of tannic add. 
TTpon it is baaed the nse of bark (which contains 
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ORGANIC ACIDS. 



GROUP III. 



ACIDS, WHICH ABE NOT PRBCXPITATED FROM TBMR SOLXTTIONS, BT CBLORIDB OF 

CALCJUU OR FERRIC CHLORIDB. 

ACETIC ACID (HOAO.). 
Acetate of Potaadum. 



URIC ACID (H,C.N.H.O^. 

Urio Add. 



I. 

^Nitrate of 
Silver. 


KCAOt+AgNOa - 

white (ciyttaUine) A^fififii 

8ol. in hydrate of ammonium. 

sol in boiling water, reppt. on cooling. 


White ppt 

(becomes blaek, if heated.) 


I. 

Argentic 
Salts. 


u. 

Ferric 
Chloride. 


3KCA0,+Fe,Cn, = 

red-brown solution a Fe.(CAO.)s 

on boiling, the iron is predpUaUd as basic 
ferric aoetate/3. 




II. 


« 


Ferric Salt. 


Ul. 

The solid 
■alt heated 
with Cono<> 


HaSO« + acetate + alcohol 

Aromatic odoorr 


Brown Solntion. 

(Water repredpitates nric add.) 


IIL 

Beoompod- 
tion. 


IV. 

Hydrate of 
Ammonium. 




Solid urio add dissolved in nitric add; 

solution evaporated to dqrness; 
hydrate of ammonium added m excess. 

Purple coloura. 


IV. 




Muxexide. 




• 

a Addition of hydrochloric sdd to a lolntlon whtrh 
•poeun rod (h>m preaenoe of farrlc acetate, randen it 
yencw. Thta nfdiaa seirei to dlstingaiflh between 
ferric acetate and ferric snlphocyanide (see p. SS). 

fi On boiling, the eolation becomes ooloarleBs. 

y The odonr la doe to the formation of acetic ether. 
Thai 

KO0HaOrK!tH«.HO9CgHa.CgHaOa -l-KHO 
alcohol acetic ether. 


A ThiB coloration.ia doe to the formation of a bodj 
termed "Morezide?* 

The uric add is dissolved bv the aid of heat, the 
solntion being attended with eiferveeoence and eroln- 
tion of red ftmiea. This arises from oxidation of uric 
add at the expense of nitric add. 
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ANALYSIS OF A SALT OR MIXTUBE OF SALTS FOR BASIC RADICALS. 



The Course of Analysis is divided into three stages, or series of processes. 

I. The preliminary examination. (ITie substance under analysis being in the solid form.) 

The general plan of procedure is detailed on pages 62 and 63. The experiments should be per- 
formed in the order in which they are placed. The beginner is cautioned against allowing the 
results of his expeiiments to determine him in selecting subsequent experiments, e.g. If he fancies 
he has obtained the dark-green residue, due to cobalt, as in Exp, IL p. 62> he should not at once 
proceed to seek for more confirmatory evidence of the presence of cobalt by fusing the substance 
with borax on platinum wire. 

By carefully performing each of the five experiments (the sixth is more special) in order, every 
time a preliminary examination is undertaken, the student will obtain what is of greater moment to 
him than the mere detection of a radical, accuracy in observing and fiicility in manipulating. 

The results of this examination are to be carefully noted, but in no case must the results be 
allowed to influence the subsequent method of analysis in the wet way. Inferences from an inspec- 
tion of the physical properties of a substance should also be carefully avoided by the beginner. 

II. The process of solution : see pages 20 and 21. 

It is useful for the purposes of analysis to classify substances according to their deportment with 
solvents, thus — 

1st Class*— soluble in water. 

2nd ... insoluble in water, but soluble in acids. 

3rd ... insoluble in water or acids. 

The methods of analysis as detailed in the following pages are framed for the first class, but 
such modificatioDs as may be required in the case of bodies which belong to the second class, are 
readily introduced. A separate scheme for the analysis of substances insoluble in water or acids is 
appended to the Fourtti Part 

In endeavouring to effect the solution of a body which is insoluble in water, in hydrochloric add, 
certain reactions may occur which the analyst should carefully observe. (See p. 64.) 

[If orgamc matter is present in the substance under analysis (recognized by the charring in the 
fveliminaiy examination) it should be removed, since otherwise it would interfere with the detec- 
tion of certain basic radicals. This may generally be effected, if no volatile metal is present^ by 
igniting the substance, to carbonize the organic matter. If the residue is soluble it may be removed 
from the carbonaceous mass by filtration. If a volatile metal is present, organic matter may be 
destroyed by means of such oxidising agents as nitric acid and chlorate of potassium.] 

In oases where only partial solution is effected by a solvent, the solution should be separated 
from the residue and examined in order to ascertain the nature of that which has been dissolved. 
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III. The application of reagents to the solution. 

As before stated (Introduction) reagents are general or special^ according to the purposes they 
serve in the course of analysis. 

The results of the application of general reagents to a solution are tabulated on pages 64 and 65. 
The Table furnishes the analyst with a comprehensive view of reactions which may occur under 
different circumstances, in using these reagents, and indicates the contingencies for which he must^ 
provide. 

In the Methods of Analysis for the several groups (which apply to the detection of more than 
one basic radical in a solution) almost every contingency which would be likely to arise in the course 
of analysis has been considered ; hence, some complexity has resulted. A summary has been introduced 
on pages 66 and 67, by means of which the several steps may be traced. The student should 
thoroughly apprehend the rationale of each process, as detailed in the centre of each page, before 
attempting to perform the manipulations in the right-hand marginal columns. 

The following are rules of essential importance in reference to the analytical course. 

Economy of time should be aimed at. During the evaporation of a filtrate, a precipitate may 
be examined. Many operations may be carried on simultaneously. On the other baud, haste and 
attempts to invent short roads wiU invariably preclude success. 

Economy in ike vse of material is essential. This is especially the case where only a limited 
quantity of the substance to be analyzed is at the disposal of the operator. Reagents should inva^ 
I'iably be used sparingly, unless the contrary is distinctly enjoined, and applied cautiously, even 
by drops, otherwise valuable results may be obscured. 

Precipitation should he complete. To ensure this, small quantities of any reagent should be added 
gradually, and the precipitate allowed to subside between each addition; this should be repeated 
until no further precipitate is produced in the clear supernatant liquid. 

Tlie washing of precipitates should he thoroughly performed. Beginners often neglect this precaution, 
and hence they involve themselves in endless complexities. It is evidently of fundamental importance 
that a precipitate containing members of one group should be completely freed from a solution 
which may contain members of other groups. 

The greatest care should be exercised to perform thoroughly all the operations of analysis, such 
as boiling, evaporation, dec. It will be a good plan to test specially in order to ascertain if the 
desired result has been accomplished, in a given case, e.g. in boiling off hydrosulphuric acid from 
a solution, a piece of paper moistened with acetate of lead and held over the test tube will afford 
the necessary information. 

The student is urged to determine what he proposes to effect, before undertaking any experi- 
ments; in the event of failure, to thoroughly investigate at once the possible causes of non-suc- 
cess, and to rei)eat experiments with any modifications experience may suggest, again and again, 
until success is achieved. 
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PRELDONABY EXAMINATION. 



(BASIC SASIOAIA) 



Bzp. L 


« 




i. A portion of the powdered Babetanoe 
if heated in a 


Aqueous vapour is expelled, oondensing on a cool 




part of the tube. 




Olaas tabe open at both endf 


^ Alkaline. 

Add. 


A volatile add. 


and held obliquely in the flame 


Fames or gases are expelled. 






The gas kindles burning wood. 


0. (chlorate or nitrate). 




has the odour of S. (add). 


SO, (sulphate). 
CO. (oxalate). 




bums with a blue flame. 




has the odour of Cy, and 






bums with a crimson flame. 


Cj. (cyamde). 
HiS. (sulphide). 




has the odour of H^. 




A sublimate forms on a cool part of the tube. 






Hetallic lustre. 


As. Hg. Cd. 




WhitUh. 


Sb.BL 


iL A portion of the powdered sabetance 
ifl mtdctti wUk N<hCdg and heated in a 


A sublimate forma on a cod part of the tube. 


• 


Grey fflobules. 
A bladL miiTor. 


Htr. 


Olass tabe closed at one end. 


As (see p. 14). 


Ezp. n. 






A portion of the powdered sabetanoe 






18 heated on 


White. 


Hg. As (garlic odour). NH.. 


Charcoal. 


Bed-brown.) 
Non-Tolatile. Coloured incrustation. 


Od. [Confirm NH« by I:H0. 


i In the outer blowpipe flame. 


Oranfle(hot). Vellow (odd). 
Bluim-white and distant. 


Pb. 


<Ck>loration of flame, aa in Ezp. V. ia alao 


Sn. 8b. Sua (dense white). 


obeeryed here.) 


Infusible eoloured rendue. 






Brown mass (yellow when cold). 


Bi. 




Green. 


Cr. 




Brown (hot). Bed (odd). 


Fe. 




Brown. 


Mn. 




Tdlow(hot). White (ooU). 


Zn. 




Dark-ereen. 


Co. 




Greenish or Dull black. 


NL 




Infusible ineandeseeut residue. 


Ca.'Mg. Zn. AL 


• 

iL In the inner blowpipe flame. 


Coloured inomstation. 






Yellow. 


Pb. 




Red-brown. 


Cd. 




White or Tdlowisb-wfaite. 


Zn. 


ill Fused wiA J^ogCO, in the mfwr 


* 

Reduction of metaL 




blowpipe flune. 


Metallic globules are white, malleable. 


Ag. Pb. Sn. 




coloured. 


An (yellow). Cn (xwidisb). 




coloured, brittla 


Sb. Bi. 




Black metallic mass. 


Pt. 
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PRELDnNAKY EXAMINATION (Oontiktted). 



(BASIC RADICALS.) 



Exp. m. 

The readae from Exp. 11. i. is moietened 

with Nitrate of Cobalt, and 

again heated. 


The mass becomes coloured. 

Bluish-green. 
Blue. 
Green. 
Pale-pink. 


Kn. 
Al. 
Zn. 
Mg. 


A portion of the powdered substanoe 
18 fuBed with 

Borax, on Flatiniim wire. 

(a very small quantity of the powdered 
substance should be used in this Exp.) 


A bead is formed. 

In OuUrficme. In Inner fiame. 

Yellow (hot) ) 
Golourless (cold) \ 

Transparent and clear. 

Green (hot) ) Golourless (bet) ) 

Blue (cold) ( Brick-red (cold) ) 

Green. Green. 

Bed (hot) ) Yellow (hot) 
Yellow or Golourless (cold) ( Bottle-green (cold) ) 

Amethyst. Golourless. 

aear. Milk-white. 

Blue. Blue. 

Violet (hot) ^^^^ 

Red-brown (cold). ^***^" 


Bi. 

Gd. 

Gu. 

Gr. 

Fe. 

Mn. 
Zn. 

Co. 

Ni. 


• 

Exp. V. 

A portion of the powdered substance 
is heated dUme, on 

Platinum wire or fbil, 

in the outer blowpipe flame, 
(also see Exp. U. i.) 


The flame is coloured. 

Yellowish-green. 

Grimson. 

Orange-red. 

Violet. 

Yellow (intense). 

Garmine, 


Ba. 

Sr. 

Ga. 

K. 

Ka. (characteristic). 


Exp. VL 

A portion of the powdered substance 

mixed with N(hC0M+£Oy 

is fused on 

Platfaium foil 

in the inner blowpipe flame. 


The mass is coloured. 

Huish-green (cold). 

• 


Mn. (characteristic). 



The presence of organic matter in a substanoe is usually revealed by the charring and blackening (from separation 
of carbon) which takes place when the substance is subjected to a high temperature. 
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BEHAVIOUR OF BASIC RADICALS AND CERTAIN ACID RADICALS WITH THOSE 



Banc Badicali* 

and salts. 



Hydrochloric Acid 

in an acid, alkaline or neutral solution. 



Silver 
Lead 



I. 

2, 



Mercury (Hg,) 3. 



II. 

Tin (Sns) i. 

„ (Sn) 2. 

Antimony (Sbg) 3. 

„ (Sb) • 4. 

Arsenic (Asa) 5. 

„ (As) 6. 

Plati|imn 7. 

Gold * 8. 

Mercttry (Hg) 9. 

BiBinuth 10. 

Cadmium 11. 

Copper 12. 



IIL 

Aluminium 
Chromium 
Iron (Fea) 
„ <Fe) 



2. 



IV. 

Manganese 
Zinc 
Cobalt 
Nickel 



1. 

2. 

3- 
4- 



V. 

Barium 
Strontium 
Calcium 
Magnesium 



I. 
2. 

3- 
4- 



VI. 

Potassium i. 

Sodium 2. 

Ammonium 3. 

Lithium 4> 



1. Chloride, white 

2. Chloride, white 

2. Sulphate 

3. Chloride, white 



ac. neut. or alk. a sol. 
ac. neut. or alk. a soL 
alk sol. 
ac. alk. or neut. sol. 



2. Sulphide, with or without evolution of gas 7 

3. Sulphidey 

4. Sulphide, with or without evolution of gas 7 
4. Oxyckloridefi ac. or 

6. Sulphide, with or without evolution of gas 7 

7. Sulphide, with evolution of gas 7 . 

8. Sulphide „ „ 7 . . . 

9. Sulphide „ „ 7 . . 

10. Oxychloridep ac. or 

1 2. Sulphide, with evolution of gas7 . 



alk. sol. 

alk. sol. 

alk. sol. 
neut. sol. 

alk. sol. 

alk. sol. 

alk. sol. 

alk. sol. 
neut. 90I. 

alk. sol. 



HydroBulphuric Acid 

in an acid solution. 



2. Sulphide in dilute, not too acid solutions. 

3. Sulphide. 



a 

Pi 
(fi 



1. Dark brown. 

2. Yellow. 

3. Orange. 

4. Orange-yellow. 

5. Orange. 

6. Yellow. 

7. Brown-black. 

8. Black. 

9. White, finally black. 

10. Brown black. 

1 1 . Brilliant yellow. 

12. Black. 



4. Sulphide, with evolution of gas 7 



. alk. sol. 



I. Chloride 



saturated ac. or neut. sol. 



2. Eedttced to Sesquioande. 8 neparaiesa. 

3. Seduced to Ferrous salt, S teparaletfi. 



1. Sulphate) fVom oxidation of Sulphur, when 

2. Sulphate) Nitric acid is present. 



Not precipitated. 



Acid Radicals 
and salts. 



Carbonic i 

Silicic 2 

Boraoic 3 

Sulphurous 4 

Hydrochloric 5 

Hydrobromic 6. 

Iodic 7 

Hydrocyanic 8 

Hydrosulphuric 9 

Nitric 10 



1. Evolution of gasyZ alk. sol. 

2. White or yellow ppt a alk. sol. 

3. Precipitated from a cont^ solution. Soluble in water 



Not precipitated. 



8. Bvolution of gas 7 9 

9. Evolution ofgasyi 



alk. sol. 
alk. sol. 



a Traat as a sabstanoe Insoluble in water and adds, as In Appendix. 

/3 These re-dissolve in an excess of hydrochloric add. 

Y See for all these cases, p. 69, where directions are given for dealing 
with them according to Fresenios. 

A The presence of these adds is generally revealed by the effervescence 
which attends thdr decomposition by hydrochloric add. 



4. 

k 

7- 



Separation of Sulphur. 



ti 
tt 
99 



ft 
tf 



(if Chlorine ia free), 
(if Bromine is free), 
(reduced to Iodide). 



10. Separation of Sulphur (from oxidation). 



a Becognlsed by greenish colour of the solution. 
p Yellowish-white ppt. of sulphur. 
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REAGENTS EMPLOYED TO SEPARATE THE BASIC RADICAI^ INTO GROUPS. 



Hydrate of ilmmonium 

in presence of NH^Ci and HNO,. 


Sulphide of Ammonium. 


Carbonate of Ammonium 

in presence of NH«HO and NH4CL 








f 




- 


1. Hydrate, white. ] As Phosphata 

2. Hydrate, blniHh-green. also, in presence 

3. Hydrate, white yellow, r of the phosphoric 

4. a. J r*Q^eaL 


3. Sulphide. 




I. Hydrate (only partially). 


I. Sulphide, flesh colour. 
3. Sulphide, white. 

3. Sulphide, black. 
4- Sulphide, black. 


• 


I.) as PhosphateSf Oxalates, Borates or Fluorides, 
1. > in presence of the corresponding acid radi- 
3.) cals. 
4. Phosphate in presence of the phosphoric radical. 




I. Carbonate, white. 
3. Carbonate, white. 
3- Carbonate, white. 
4.0. 


Not preciintated. 


Not precipitated. 


Not precipitated. 








• 


M 




a Any ferrous lalt has been oonrerted into a fanic salt 
t^ the addition of nitric add, and boiling. 




a Magnesium is not precipitated by carbo- 
nate of ammonium in pretence of dilorlde of 
ammonium. 
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OUTLINE OF THE SYSTEMATIC 



Hydrochlorlo Acid 

in an add or neutral solution. 



Ppl 

Ag 
Pb 

Hg« 
Boiling water 



861. 

Hydrofuli>huiio Acid 

in an aoid lolution. 

/ 



Fb 



Ppt. 

Hg, 
Hydrate of AmmoniunL 

r rn 






34. 
ft 



Ppt. 

Hg 
Pb 
Bi 
Cd 
Gu 
Nitric acid 

and 
Sulphuric add. 

Pf4. 

Hg(redd.b70u) 



Ppt. 
Sn 
Sb 
Aj 

Pb 

Pt ) spedal examination with 

Au { NH4 a and Fe. SO4. 

Hg 

Bi 

Cd 

Ou 
Sulphide of Ammonium. 

8^.f 
Sn 
Sb 
Aj 

HCl to re-ppt. 
Carbonate of Ammomum. 



80L 
Nitric add. 
Chloride of Ammonium. 

Hydrate of Ammonium. 



Ppt. 

AX) 

Cr > and with (PO4). 
Fe) 
Ba, Sr, Ca» Mg, with (P0«). 

Hydrate of Potaarium. 



Sol. 



JPmA 

Fe and (Cr) Al (PO4) 

Ba, Ca. Sr. Mg, (PO4) Cr (POJ and (Fe) 



HCl to cUflsoWe. 
Acetate of Potaasium. 



Boiled for some time. 



SoL 

As 



Ppi. 

Sn 
Sb 



Ppt. 
Feand(Cr) 
Fused, 
for (Cr). 



Pb 
Ignite 



voiaiile 



retidue 

Fb 



Sol. 

Bi 

Cd 

Cu 

Hyd. of Ammonium. 



Nitro-hydrochloric add. 
Manh's Teet. 



Sol. 
Ba 
Ca 
Sr 
Mf 
(PO4 



Ppt. 

Cr(P04) 
and 

(Fe) 



Sal. 
A1(P04) 



Acetic acid. 



) 



Fused. 



Ppt. 



1 



1 



Sol. 
Cd 
Cu 



Sb 

Spedal reactions 
p. «7. 



H«Sga8 to re-ppt.* 
Cyanide of Potassium. 



I 
Sn 
on the zinc in 
the apparatus. 
HCl to dissolve. 
Mercuric chloride. 
Grey ppt. =:Hg,CL 



i 



. Besidue. 

a 



SoL 

Or (PO4) 

Acetate of 

Lead to 

one part 

Moly D. Am. 

to another 

for (PO4). 



Sk 



Sok 

Ou 



or 



Cd and Cu aa sulphide^. 
Sulphuric add. 



sS7 
Cd 



% 



or 

HCl to re-ppt. t 

Ha+HNOs to dissolye. 

Solution placed in a 

H apparatus. 

Grases passed 

through 

Acetate of Lead, 

and 
Nitrate of Silver. 



Al (PO,) 
Silicate of Potassium. 



Sol. 
Al 



s<a. 
(PO4) 



% 



Sol. 

Ag, AsO, 

neutralise by 

Hydrate of Ammonium. 

Yellow ppt. = Ags As 0, 

Aa 



Ppt. 

AgaSb 

Tartaric add 

to dissolve. 

HCl to addify. 

Hydrosulphuric add. 

Orange ppt sSb| 8s 



Sn 

on zinc in the 

generator. 

HCl to dissolve. 

Mercuric chloride. 

Grey ppt. =Hg^ CI 

Sn 



67 



COUBSE OF ANALYSIS FOR BASIC RADICAIA 



"Sol. 



Sulphide of Ammonliim. 



Ppt. 

Mn 
Zn 
Co 
Ki 

Hydrodhlorio acicL 



'SoL 



Chloride of Ammoniimiy 
Hydrate of Ammonium^ 

Carbonate of Ammonliim. 



8ol. 
Mn 
Zn 

Hydnie of Potiiminin 



PpL 

Mn 



8oL 

Zn 



Co 

Ni 

HC1+ HNOt to dissolve. 

Cyanide of Potaarinm. 

Hypochlorite of Sodium. 



Ppi. 

m 



Oo 



jPrL 

Ba 
Sr 
Ca 

Hydroehlorio add. 

HydrofluoeiHoio add^ 

and AloohoL 



& 



8r 
Ca 



8oL 

Na 
NH« 
IHTide into two portionfl, A and B. 

I 



Hydrate of Ammonium 
Phosphate of Sodium. 



Evaporate and ignite. 



Ferroqyanlde of Potasshmi. PpU 

Mg 



"Si. 



£ 



SoL 

Br 



(negleet) 



VaporkecL 



Water to disMlve. 

Hydxoohloric acid. 

CUoro-platinic acid, 

and AloohoL 



Na 



«• 



•9 
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METHOD OF ANALYSIS FOR GROUP I. 



HTDBOCHLOBIO AOXD 

precipitatee from cteid or netttral solations, 

Mercorons Chloride. 

Lead is not precipitated by hydrochloric acid, from dUute solutioDB, because chloride of lead is 
soluble in much water. If present it will be detected during the course of the analysis for the next 
group. 

OzYCHLORiDSS OF AmiMONT AND BiSKUTH may be precipitated along with members of this group. 
They re-dissolve in an excess of hydrochloric acid. 

Effkbyescence and eyoltttion of Gas, on addition of hydrochloric acid, reveals the presence of 
the carbonic, hydrosulphuric, or hydrocyanic, add-radicals. They will be readily recognised by their 
characteristic reactions. 

Hydrochloric acid must he added drop hy drop, A few drops will determine the presence or 
absence of members of this group; if present, excess must be added; if absent, the only object to 
be attained is the acidification of the solution preparatory to treating it with hydrosulphuric acid. 



ANALYSIS OP PBEGIPITATE PRODUCED BY HYDROCHLORIO ACID, IN AN ACID OR 

NEUTRAL SOLUTION. 



Xfea4l. 



BilTer. 



Mercury. 



The fUrtUitf n^iioh may contain membera of other groupe, is set aside 
for further ezanuaation. The predpiiaJle is thoroughly washed with cM 
water. If the washings ore addid to the fUratey any appearance of tar- 
bidity will i^yeal the presence of Antimony or Bismuth. 

Chloride of lead is soluble in boiling water, the whole of the Lead may 
be dissolved out from the precipitate by boiling with sucoessife portions of 
water, and separated by decantation or filtration. 

Test for Lead, in the filtrate or decanted liquid, with sulphuric acid. 

Chloride of silver is soluble in hydrate of anmionium. Silver may be 
removed fix>m the residue by treating with hydrate of ammonium and filtra- 
tion. (If Lead is present and has not been detected, some turbidity will 
occur in the filtered solution, fix>m formation of a basic salt of lead. It will 
dissolve in nitric acid, and therefore may be neglected.) 

Test for Silver, in the filtered solution, with nitric add. 

Any reridue will consist of the black compound formed by hydrate of 
ammonium and mercuroutf chloride. 

Test for Mercury, by fusing the residue with carbonate of sodium. 



Tki KluUon 18 aeid or nm- 

tral. 

Add HCl in excess, 

r Filter. 

CExumine flltnto for next group.) 

Ad4 much HgO to ppt. 

BoiL 

Repeat with fresh portions 

of H,0. 

« Filter. 

Wash ppt. thoroughly. 
Add H^4 to filtrate. 

White ppt. =PbtSO«. 



Residue from 9. (Ag. Hg.) 
Add NH4HO to ppt. 
Heat. 
3 filter. 

Add HNO. to filtrate. 

White ppt =AgNOs. 



Residue from 3. 

Dry the residue. 
Heat in tube with Na|CO«. 

Grey sublimate =Hg. 
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METHOD OF ANALYSIS FOR GROUP I. (coNnNUBD). 

TREATMENT OF AN ALKALINE SOLUTION WITH HYDROCHLOBIC ACID. 

L The addition of hydrochloric acid to an alkaline solution may produce a precipiUUe whieh 
dissolves in excess of the precipitant. 

The solution in this case is treated with hydrosnlphuiic acid gas, as in the regular course, according 
to the method for Group XL 

IL A precipitate may form, on adding hydrochloric acid, tohich is not dissolved in excess of tks 
precipitant, or on hoUvng. 

The formation of this precipitate depends on the &ct that certain salts, insoluble in water and 
hydrochloric acid^ are held in solution by some alkali or alkaline Bail The latter is decomposed by 
hydrochloric acid, and the salt held in solution separates, thos : 

Sb,S, + (NH J^ + aHCl = Sb,S, + 2NH,C1 + H,8 (See Gr. IL sect L col. i). 
solution ppt. solution gas 

ANALYSIS OF PRECIPITATE PRODUCED BY HYDROCHLORIC ACID IN AN 
ALKALINE SOLUTION, AND INSOLUBLE IN EXCSBSa 



a. 



Ppt without evolution of gas. 



a. 
White, 

PbCl 
Pb,S04 
AgCl 
HSiO, 

Test for HSiO, 

. separately. 

TeetfortheotherB 

as BubstaDcei 

insoluble in 

water or aoids. 

See Appendix to 

Part IV. 



Orange or Ydlow. 

AbJSb 
Afl^Ss 

SbA 

SbaS» 
SnSfl 
HSiO. 



I. Filter. 

Boil, 
with cone*. 
HCl + HNOf 

a. Filter 
(if necessary). 
Treat the iUution 
with HaS, as in 
Gr. II. If any 
retidue from a 

treat as a 
substance insolu- 
ble in water 
or aoids. 
See Appendix to 
Part IV. 



Ppt with evolution of HS. gas alone. 



a. 

White, 

Due to sulphur, 

from presence of an 

alkaline sulphide. 

Boil, and 

Filter. 



Ppt 

Treat as a sub- 

sta&ce insoluble in 

water or adds. 

See Appendix to 

Part IV. 



Filtrate. 

Treat with 

NH4HO 

as in 6r. IIL 

(p. 74). 



h, 

Coiovrei. 

PtSk 

AuS, 
SnSft 

SbA 

SbA 

AmA 

ASflSs 

Hg,S 

CuaS 

Ni.S 

Fater. 



Ppt. 

Treat with H,S 

as in Grroup II., 

ifeol. m acidic 

otherwise as a sub- 

stance insoluble in 

water or aoids. 

See Appendix to 

PaartlV. 



FHtrate. 

Treat with 

NH4HO 

as in Or. IIL 

(p. 74.) 



Ppt. with evolution of HCy gas, 
alone or with HaS gas. 

Preimce of an aikaUne eifomide or 

sulphide, 

BoU 

with more Hd or HNO,, 

to expel HCy. 

imer. 



Ppt 
Treat as a sub- 
stance insoluble in 
water or adds. 
See Appendix to 
Part IV. 



Filtrate. 
Traatwith 

HaS gas 
as in Gr. IL 

(p. 70.) 



III. No precipitate forms, but gas is evolved^ on adding hydrochloric add. 



The gas smells of HaS, 

and blackens a solution of 

acetate^ lead. 

Presmce of an aUealine sulphide, 

BoU 

to expel all HsS. 

Treat with NH4HO 

as in Gr. IIL 

(p. 74.) 



The gas smells of HCy. 

Ptmence of an aUxdine ejfomde. 
BoU 
to expel allH 
Treat with 
as in Gr. n. 

(P- 70.) 
(It wiU not matter if H,S or CO 
eTolyed along with HCy.) 



The gas is inodorous, 
and preci]»tates lime-water. 

Presence of carbonic acid 

combined vnih an aUsalL 

Treat with H^ 

as in Gr. IL 

(p. 70.) 



9—2 
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METHOD OF ANALYSIS FOR GROUP IL 

HYDBOBULFHURIO AOID 

precipitates from a solation in which hydrochloric add has &iled to produce a precipitate, or 

from the filtrate from the hydrochloric acid precipitate, 

Mercoric Sulphide. 

{Bismuthy Sulphide of Lead Stannous and Stannic, \ 

Cadmium, a i i,- j t f Platinum, Antimonious and Antimonic, I Sulphidea. 

Copper, ^ (Gold, Arsenioua and Arsenic, j 

Hydrosulphuric acid is applied in the form of gas, and is passed through the solution for a 
considerable time, heating at intervals, in order to ensure a complete result 

Before passing the gas, it must be ascertained that the solution has been acidified with hydro- 
chloric acid, otherwise members of the third or fourth group might be precipitated. 

SsPASATioir OF SuiiFHUB may result from the action of hydrosulphuric acid, due to the reduc- 
tion of some easily reducible salt of a basic radical which is not precipitated as sulphide by the 
group-reagent. 

A copious yeUow deposit qf sulphur may occur if nitric acid is present. 

A yMouywhite precipitais qf sulphur may be due to the presence of a ferric salt 

A green colour in the solution indicates the presence of a chromic salt 

In such eases the precipitate should be invariahli/ Jurther examined. 

Absenio is precipitated from solutions with great difficulty by hydrosulphuric add. If it has 
been detected in the preliminaiy examination, the solution must be laigely diluted with water and 
then fully saturated with the gas, boiling repeatedly. If zinc is present, a portion is liable to be 
precipitated along with arsenic. If arsenic exists in the form of its arsentc compounds, the addition 
of sulphurous acid before passing hydrosulphuric add gas will, by reducing an arsentc to an saaemous 
salt, ensure complete precipitation. But if lead, barium or strontium are present, sulphurous add 
will, frx>m oxidation, cause these to be predpitated as insoluble sulphatea Hence^ if the predpitate 
produced by hydrosulphuric add gas, after adding sulphurous add, is not soluble in adds, it must 
be treated as an insoluble substance, and examined accordingly. 



Flatiniim. 
Ok>ld. 



BXAMINATION FOR PLATINUM AND GOLD. 

If one or both of theee hATe been detected in the preliminary examina- 
tion, they must be lought for specially in a portion of the solution In which 
hydrochloric acid has failed to produce a precipitate or in the filtrate 
from the hydrochloric add precipitate. 

Their reactions are so characteristic that these metals will be detected 
in presence of all other basic radicals. 

All nitric acid, if present, must be remored by one or two evaporations 
with hydrochloric add. 

Platinum is converted into chloro-platinate by means of chloride of 
ammonium, and separated by filtration. 

Gold may be detected in the residual solution by ferrous sulphate or 
oxalic acid. 

N.B. This process will occupy some houn to be efficiently performed, 
as the platinum precipitate foims slowly. 



Add to a portion of the ori' 

ginal solution 

HCI+NH4CI or KOL 

(After azpelli&gaU HNO^ 

Evaporate to dryness. 

Treat residue with alcohd. 

Tellow ppt.=NB«PtCI. 
orKPtCk 

Filter. 



FUtiate. 

Evaporate to expel alobhoL 
Add FeiSO^ to rasidue. 

Brown powder^Au. 



1 
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METHOD OF ANALYSIS FOR GROUP H. (continued). 



ANALYSIS OF PBEdPITATB FRODUCED BY HYDROSTJLPHUBIC ACID IN AN ACID SOLUTION. 



Mercury. 



[Lead.] 



Bismuth, 



The filtraie, which may contain members of other groups, is set aside 
for further examination. 

The preeipUate after being well washed with hot water, containing some 
hjdroeulphoric acid, is boiled with sulphide of ammonium, in order to 
separate this group into two sections. 

PORTION OF PRECIPITATB INSOLUBLE IN SULPHIDE 

OF AMMONIUM. 



The iusoluble residue is washed thoroughly free from aU sulphide of 
ammonium and boiled with nitric acid. Sulphide of mercury remains as 
an insoluble residue. Effort filtering this from the undissolved portion, 
sulphuric add is added, to precipitate any Lead in the form of sulphate, 
and this remored together with the mercuric sulphide. The insoluble residue 
is a mixture of HgjS and Pb^ SO4, but^neither will interfere with the detec- 
tion of the other. 

A portion of the' mixed precipitate is dissolyed in nitro-hydrochlorio acid, 
and from this solution Mercury may be obtained as a metallie deposit on 
the surface of a piece of copper foil. 



Another portion is ignited on platinum foil or porcelain. Sulphate of lead 
not being volatile will remain as a white residue upon the foil or porcelain. 



Oadmium 
and Copper, 

• (and see next 



The remaining sulphides (Bismuth, Cadmium and Copper) in solution in 
nitric acid, are treated with hydrate of ammonium in excess and heat ap- 
plied. Bismuth is alone precipitated from the solution as hydrate. 

Test by dissolving in very tittle hydrochloric acid and adding much water. 



The solution containing Cadmium and Copper is evaporated nearly to 
dryness, dissolved in acetic acid and water, and the metals again converted 
into sulphides by passing hydroeulphuric acid through the solution. 

Sulphide of copper may then be diraolved by adding cyanide of potas- 
sium and separated from the insoluble sulphide of cadmium, which remains 
as a yellow residue. 

Test for Cadmium by blowpipe. For Copper, by means of f erro-cjranide 
of potassium, previously adding aoetio add, since other adds if present 
decompose the precipitate formed. 



To the solution to be ana* 
lysed add H9S gas. 
(Obfervlng precaationa) 

I Filter. 

(Rramlne flltnte for next gronpi 

Wash ppt. thoroughly with 

HgS water. 

Boil ppt. with (NHJ^a. 

2 FUtero. 



Residue from 3. 

(Hg. Pb. Bi. Cd. Cu.) 

Wash thoroughly. 
Boa with HNO., 
until all red fumes cease. 

Dilute with HaO. 

Add fisS04 until no more 

ppt. forms. 

Divide residue into two 
portions, A and B. 

A. Dissolve in HQ + HNOg. 
Introduce piece of metallic 

copper. 

Metallic coatings Hg. 

B, Ignite on platinum foil 

or porcelain. 

White residue =Pbs80«. 



Filtrate from 3. (Bi.Cd.Cu.) 

Add NH4HO in excess. 
Heat. 

4 Filter. 

Drj the ppt, slightly. 

Dissolve in very Utile HCl. 

add HflO. 

White ppt. = BiCU. BisOs. 



Filtrate from 4. (Cd. Cu.) 

Evaporate nearly to dryness. 

Add HCaHsO, and H^O. 

Reppt by H,S gas. 

Decant the liquid. 

Add to ppt, KCy. 

5 FUter. 

Yellow residue = Cd«S. 

Confirm by blowplpa 



Filtrate from 5. (Cu.) 

Add some acetic add. 
AddKsCfy. 

Brown ppt = CosCiy. 



a The flltrat^ which may con- 
tain Sb, Ab or on, is treated as on 
p. 72, <»r by Hofmaxm's method, 
p. 73. 
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METHOD OF ANALYSIS FOR GROUP IL (continued). 



METHOD FOB THE SEPABATION OF CADMIUM AND COPPER (HOFMANK). 



Oadmiiim. 



Copper. 



A Bolution, which may oontain both Cadmium and Copper, is acidified 
^ not already acid) with hydrochloric acid. 

Hydrosulphuric acid gas is then passed through the solution, to precipi- 
tate the metals as sulphides. 

The precipitate must be washed thoroughly and quieUjf, otherwise 
sulphide of copper might pass by oxidation into ouprio sulphate. 

Hie precipitate is boiled with dilute sulphuric add. Sulphide of cad- 
mium Is thus deoompoeedy and soluble sulphate of «^t«inm farmed. 

Sulphide of copper remains undiasolyedt 

Test for Cadmium in the solution by hydrosulphuric acid. 

The residue is dissolved in nitric acid, excess of hydrate of anmionium 
added to neutralize the acid, and, finally, excess of acetic acid to present 
decomposition of the precipitate produced by ferrocyanide of potassium. 

Test for Copper in the acetic acid solution by fbxropyanide of potassium 
N.B. All the operations in the above method must be performed as rapidly as possible* 



To solution to be analysed, 

addHCL 

(Ifnotaliwdyadd). 

Pass HaS gas. 

Wash ppt. thoroughly and 

quickly, by decantation. 

Add H«S04. 

BoiL 

I Filter. 

PassH^S gasthrough/ttrote. 

Yellow ppt ==CdsS. 



Residue from i. Cu. 

Dissolve in HNOs. 

Add NH4HO in excess. 

Add HCsHaOa in excess. 

Add E:,Cfy. 

Red-brown ppt=<]!asCiy. 



PORTION OF PRECIPITATE SOLUBLE IN SULPHIDE OF AMMONIUM. 



Anenlc. 



Tin. 



Hie sulphides of Tin, Antimony, and Arsenic, held in solution by sul- 
phide of ammonium, are reprecipitated as sulphides on the addition of 
hydrochloric add. 

As hydrochloric acid is liable however to produce decompontion and 
solution as chloride, of a portion of the sulphides, it is advisable to pass 
some hydrosulphuric acid gas through the solution at the same time. The 
precipitate by hydrochloric acid must be well washed. 

The reprecipitated sulphides are treated with carbonate of ammonium, 
which dissolves only sulphide of arsenic. 

Arsenic is agun precipitated from this solntion by hydrochlorio add, 
and tested by Fresenius' and Babo's test, or the solution may be precipi- 
tated by hydrochloric add, the precipitate dissolved in nitro-hydroohloric 
acid, and tested by Marsh's test (p. a;). 

Tti» undissolved sulphides of antimony and tin, separated by caibonate 
of ammonium from arsenic, may be dissolved in nitro-hydrochlorio add. 

Antimony is sought for by means of a Marsh's apparatus (p. 27). 

Tin is reduced by zinc in the apparatus at the same time as a black 
metallic powder. This, if collected, washed, dissolved in hydrochloric add, 
and treated with merooric chloride, yields the ofaaraoteristio grey predpi- 
tate (p. «4). 



After boilinfi[ the H«S 

ppt. with (NHJtS^ 

reppt. by HGl, 

pasring some HgS gas. 

Wash the ppt. thoroughly. 

(Wash bv filtration if moch 
ppL of sulphur.) 

Add (NH^^/K),. 

I ...Filter. 

Arwn/iciainihefiUnU, 

AddHClto^roe^ 

Test ppt by Fresenius' and 

fiabo's test (p. 49). 

Or 

dissolve ppt. in HCl -I- HNOa. 

Test by Marsh's test (p. ay). 



Residue from i. (Sb. 6n.) 

Add Ha+ HNO,. 
Place solution in a Marsh's 

apparatus. 
Antimony ifpruerU will be 
recogniseid by its reactions. 



Tin reduced by dnc in 

the apparatus, as a 

JBkbch metcUiic powder* 

Wash the powder. 

Dissolve in HO. 

Add HgCl. 

Grey ppt =Hg,CIL 
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METHOD OF ANALYSIS FOR GROUP IL (continued). 



SEPARATION OF ANTIMONY, ABSENIO, AND TIN (HOFMANN). 



Arsenic. 



Antimony. 



Tin. 



A lolutioii BnppoMd to oontain either Antimony, Anenic^ or Tin, or all 
of ihem, ifl introduced into the generator of a hydrogen apparatos. 

(Hydrogen ib eTolved by the action of snlphnrio acid upon zino, care 
hang taken to have the materials perfectly free from arsenic.) 

The evblyed gases are aUowed to pass from the generator, through a 
solution of aoetate of lead, in order to absorb any hydrochlorio or hydro- 
sulphuric acid. 

Thence they are oondnoted through a solution of nitrate of silver. 

Antimony is here pneipUaUd as antimonide of silver (Ag^b), whilst 
Arsenic, first converted into arsenious add, is hdd in $ohUi4m as arsenite of 
nlver (AgiAsOa) by the liberated nitric add. 

3AgNO,+H^O,=Ag,AsOa+3HNO» (p. «5). 



If 4ke iohitum is exactly neutralised by hydmt* of ammoninm, arsenite 
of silver is predpitated (yellow). 



The precipitate of antimonido of silvtr may be dissolved in boiling 
tartaric add, the solution addified by nitrio acid, and hydrosulphurio acid 
gas passed through it. An orange predpitate of antimonious sulphide 
indicates the presence of Antimony. 



1^ remains in the generator as a black deposit upon the zino, toge- 
tiier with some Lead and Antimony (these latter may be neglected). If 
collected and boiled with hydrochlorio add, chloride of tin is formed. This 
yields with mercuric diloride the characteristic grey predpitate of mercnrous 
chloride (p. 34). 



If the filtrate from 2 (p. 71) 
is used, Sb, As and &i will 
be in the form of add 
radicals. 
Beppt. as sulphides by HCl, 
passing at same time some 

H^gas. 

Ck>llect the ppt. and wash it. 

Boil the ppt. with 

Ha+HNO,. 

The solution may be tested 

as follows. 



Place the solution in a H 

apparatus, 

(laidag precaatlona In its uae). 

Pass evolved gases through 

PbCtHgOfl solution. 

Ilience through AgNOt 

solution, until no ppt 

forms in the latter. 



I Filter the AgNO. 

solution. 

Add NH4HO toJUtrate, 

to neatrallM exactly. 

Tellow ppt- AgsAsOf 



Beddue from i. (Sb. Sn.) 

Boll with tartaric add. 

3 filter. 

Add HNO, toJiUrate. 
Pass H^S gas. 

Orange ppt =SbiSs. 

(Dm reiidiie from 2 oonaists otAgf, 



Collect the black depont on 

Zn in the generator. 

BoU wiSi HCL 

FUter. 

Dilute solution with H9O. 

Add a few drops of HgCL 

Grey ppt =HgaGL 

( P r esBn ceofTln.) 



N.B It win be necessary in all cases where lln. Antimony, or Arsenic is detected in the course of analysis, to 
examine a portion of the mgmal eolviUm according to reactions on pages 34 and 2$, to ascertain in what state 
of oxidation these banc radicals may have been originally present 
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METHOD OF ANALYSIS FOR GROUP IH. 

HYDBATE OF AMMONIUM, 

in the presence of chloride of ammonium, precipitates from a solution in which hydrochloric add 
and hydrosulphuric acid have failed to produce a precipitate, or in the filtrate from the hydro- 
sulphuric acid precipitate. 

Aluminium, f as hydrates. And as Barium, ) iixn^xn-j ii.\ 

^, . I , / . « . I as phosphates (borates, fluorides, or oxalates) 

Chromium, < phosphates in presence Strontium, >. - ^, j. -j j» i 

_ 1/.,, |in presence of the oorrespondmg acid radicals. 

Iron, lof the phosphoric radicaL Calcium, J 

{as phosphate, in presence of the phosphoric 
r»lioaL 

A small quantity of Manganese may be precipitated with Iron, but will not interfere with the 
detection of the latter. 

A portion of the original solution should be tested, before adding the group-reagent, if the pre" 
sence of Iron is etupected, in order to ascertain in what state of oxidation it exists. The reactions 
of ferrous and ferric salts with ferro- and ferri- cyanide of potassium respectlTely, will determine 
this (p. 33). 

The filtrate from the hydrosnlphuric acid precipitate, or the solution in which that reagent has 
iiedled to produce a precipitate, must he thoroughly boiled to expel aU trace of the gas, before adding 
hydrate of ammonium. Otherwise, on subsequently adding nitric acid (to peroxidise Iron), oxidation 
of sulphur might produce sulphuric add, and this would precipitate any Barium, Strontium, or pos- 
sibly Calcium, as insoluble sulphates. 

Nitric acid is then added to the solution -to be tested, the whole evaporated to dryness and then 
ignited. This may be repeated. By this means any Iron present is converted into a ferric salt (even 
if it were originally present as a ferric salt, hydrosnlphuric acid will have reduced it), and hence it 
will be thrown down by hydrate of ammonium (p. 33). 

Any OXALIC acid is at the same time oxidised, and the presence of Barium, Strontium or Oaldum 
as oxalates in ike hydrate of ammonium pr^ipitate, is prevented. 

Any SILICA is also converted by the dedccation into insoluble silidc anhydride (Si,OJ. If 
allowed to remain in its soluble form, it might be mistaken for hydrate of aluminium. (The resi- 
due after evaporation should be ignited riightlyf not too strongly, otherwise certain oxides of this 
group might be rendered insoluble.) 

The dry residue is dissolved in hydrochloric add. 

OBumnm of AHMomrM is added to the solution in hydrodiloric add. This prevents predpita- 
tion of Magnesium (except as phosphate in presence of the phosphoric radical) by hydrate of 
ammonium. 

Makgakese may be detected in the hydrate of ammonium predpitate, by fusing a small por- 
tion with carbonate of sodium and cyanide or nitrate of potassium on platinum foil; a bluish- 
green reddue indicates its presence. 

The PHOSPHORIC badical may also be detected in a small portion of the predpitate, by dis- 
solving in nitric add, and adding nitrate of silver. Its presence is revealed by a ydlow ppL 
The absence of this radical will necesdtate great abridgement in the following method of analysis. 

BoBATES AND FLUOBiDES may be n^lected, as sufficient both of the bade and add radicals will 
remain to be detected in the appropriate place. 
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METHOD OF ANALYSIS FOR GROUP IIL (contikued). 

ANALYSIS OF PBECIPITATB PBODUCED BY HYDRATE OF AMMONIUM. 



Ohromiiim. 



Aiifwiin^^ni, 



Iron. 



The fUrate^ which may contain membesB of other groaps, is set aei 
for farther examination. 



The pn^fpikiJU murt be thoroughly waahed until quite free from all trace 
of ammonia. It la diMolved in dilute hydrochloric or nitric add. 

Ezceas of hydrate of potawium added in the cold wi]l then predpitate 
Iron (as phosphate or hydrate) together with the phosphates of barium, 
strontiniD, or calciuTn. Chromium and Aluminium remaining in solution. 



By long-continued boiling of the solution, Chromium is precipitated, and 
Alnmininm left in solution. 



As some Iron, if present^ may have passed into solution along irith 
Chromium, it is necessary to examine the precipitate produced on boiling, 
by fusing a portion with carbonate of sodium and nitrate of potassium. 
Chromium, conyerted into soluble ohromate of sodium, may be dissolyed 
out by water and tested with acetate of lead. Iron will be detected in the 
residue. The remaining portion of the precipitate is examined with a view 
to ascertain whether Chromium existed originally in combination with the 
phosphoric radical, or otherwise. 



In the solution from which Chromium has been separated by boiling, 
Aluminium may exist as hydrate or phosphate. The solution is treated with 
acetic add in excess. 

Phosphate of aluminium, if present^ being insoluble in acetic add, will 
be pradpitated. 

Test for Aluminium, in the solution, with hydrate of ammonium. After 
removing Ainminium from the predpitate of phosphate of aluminium, by 
means of sUicate of potasuum and filtration, the solution may be tested for 
the phosphoric radical with molybdate of ammonium (p. 46). 



If the solution to be analysed 
has been treated previously 

withH^ 
boU, 

to expel all trace of HtS. 

AddHKQs, 

and evaporate to dryness 

once or twice. 

Dissolve residue in Hd. 

Add some NH4CL 

Then add noup reagent^ 

NH4HO. 



I FUter. 

(Bxunine>lttrate for meaX grouik.) 

Wash ike ppL thoroughly. 

Dissolve in HCl. 

Add «n the cM, KHO 

in excess. 

2 Filter. 

Boil the JUtrate for some time. 

3 Filter. 

Divide ppt. into two 
portions, A and B. 



A. Fuse with 

NagCO, + KNO,. 

Digest with H,0. 

Piool^e reddiu€ in HCaHsOa, 
and test for Fe, with KgOiy 

To tolutwn add KCaKfig, 
and PbCaHaO^ 

Yellow ppt =PbCrO«. 

B. Dinolve in HCL 

Add KCflHsOt in excesa 
PpL SoMUm. 

Tndioitea the Indicates the 
phoaphAte of oxide, 

fthroininin. ConiinnbyNHiHO. 



Filtrate from 3. Al. 

Add HCflHaOs in excess. 

Dissolve any ppt, «o formed^ 

in HOI. 

Add KHO in excess. 

Add KSiO.. 

White ppt=Al>(SiO«)a. 

(nie solution msj be tasted for 

the Dhosphoiic radical with 

mojvbdate of ammonlnm 

as in y. P. 4e.) 

The solution siter adding 

HCsHaOs mar be tested 

forAlbyNH4HO. 



The precipitate oontaimng Iron (together possibly with some Manga- 
nese), and the phosphates of the alkaline earths, is diaaolved in hydrochloric 
add. Acetate of potassium added in excess precipitates Iron only, as phos- 
phate (if the phosphoric radical is present), and as basic acetate. A portion 
of this precipitate should be tested for Chromium, as directed above, unless 
the latter has been already detected. The other portion is treated wiUi 
acetic add. 

Any reddue after adding acetic add will contain the phosphoric radical, 
phosphate of iron being insoluble in aoetio add. Test tts loliiliDfi with 
feRooyamde of potasuum. 



Besidue from 3. 

[Fe,(Ba,Sr,Ca.)] 

Dissolve in HCl. 
Add KCaH,0 in excess. 

4 Filter. 

(A portion of ppt is ftised for 
Cr. as above.) 

Add to ppt, HC^HsOs. 
Add KgCfy. 

Blue ppt =(Fet)sCiy. 

(Anr residue after adding 

uCtHaOj consists of 

pbosphate of faron.) 



Filtrate from 4. 

Bxamine for Ba, Sr, and Ca, 
as on page 77. 

•10 
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METHOD OF ANALYSIS FOR GROUP IV. 



BUU^HIDE OF AMMONIUM 

precipitates from a solution in whioh hydrochloric acid, hydrosulphiuic add and hydrate of ammo- 
nium have fiuled to produce a precipitate, or from the filtrate from the hydrate of ammonium 
precipitate, 

{Manganese, 
Zinc, 
Cobalt, 
Nickel. 

On filtering the precipitate produced by sulphide of ammonium, the filtrate may appear dark 
coloured This is due to the presence of sulphide of nickel, which ia soluble to some extent in 
sulphide of ammonium (Nickel, p. 35, note /3). In this case the sulphide of nickel may be separated 
from the filtrate by heat, or by evaporating to expel all sulphide of ammonium, and adding hydro- 
chloric acid. The precipitate so formed should be examined with that thrown down by the group 
reagent 

ANALYSIS OF PBECIPITATE PBODUCED BY SULPHIDE OF AMMONIUM. 



The JUiraie, which xnaj oontain memben of other groapo, if set aside 
for farther ezamixiAtioD. Some difficulty may be experienced in obtaizdng 
a eUar filtrate ; repeated filtration can alone eflbct a satiafaotory result. 

The preeipUaie must be well washed with water, and some sulphide of 
ammommm repeatedly added at the same time. 

Hydrochloric add is employed to dissolve the so^hides of manganese 
and adnc, and to separate them from the sulphides c^ cobalt and nickel. 

Manganese. Manganese may then be predpitated from the hydrochloric add solution 

by means of exceu of hydrate of potassium. 

Test for Manganese by Uowpipe, or sulphide of ammonium, in the 
latter case preTionsly dissolTing in an add (except acetic add). 



Zinc. 



Test for Zinc, in the solntion, by hydvoeulphuiic add in presence of acetic 
add (p. 34). 



Ctohalt and The remaining sulphides of oobalt and nickd may be dissolved in nitro- 

WlOh el . hydrochloric add, cara being taken to employ only just suffident nitric aoid 
to sflsot the solution. 



The metals may be converted into cyanides, and held in solution, by the 
addllion of cyanide of potassium in excess. On boiling the solution with 
a few drops of hydrochloric add, cobalticyanide of potasdnm and cyanide 
of nickd and potasuum are produced (see p. 35, note 9), Whilst still boil- 
ing, if a solution of hypochlorite of sodium tn coacew is added, the Potasnum 
and Cyanogen are taken up and Nickel is pndpitated as Uaok sesquiozide. 
In this state it may be readily removed from the Cobalt which remains in 
solution. 

(Chlorine and msnorio nitrate hare also been employed instead of hypo- 
dilorite of sodium.) 



To the solution to be ana- 
\jwoA, add (NHJaS. 

I Filter. 

(Ezemiiie flltnte for next gnmp, 

lf1h€jUiraUU4kurkeU(mnd, 

eTMonte. 

AddHCL 

Examine the ppt to fonned 

with that tnm. x.) 

Wuhpptfirom i thoroughly. 
Add HCl in the cold. 

« FUter. 

BoQ theJUinUe to expd 

allHaS. 
Add KHO in ezeesi. 

Whitish ppt^MnHO. 

Conflnn bf blowpipe or (KHJtS. 
3 Fater. 



Filtrate from 3. (Zn«) 

A^d HCsH.Oa. 
Pass H,S gas. 

White ppt=Zn,S.H,0. 



fiesidue from a. (Co, NL) 

Test a portion with borax for Oa 

AddHCL 

BoiL 

Add few drops of HKO,, 

juet to dincAve. 

Add KCy in excess^ 

and few drops of HCL 

Bdl. 

Add NaOlO in excess, to 

boiling solution. 

Black ppt»(Nii)iO». 

4 Filter. 



Filtrate from 4. (Co.) 

Evaporate to dryness. 
Heat with borax on platinum 
wire in the blowpipe flame. 

Blue bead indicates C!o. 
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METHOD OF ANALYSIS FOR GROUP V. 

OABBONATB OF AMMONIUM, 

in the presence of chloride of ammonium, precipitates from a solution in which hydrochloric acid, 
hydroBulphuric acid, hydrate of ammonium and sulphide of ammonium have failed to produce a 
precipitate^ or from the filtrate from the sulphide of ammonium precipitate^ 

(Barium, 
Strontium, 
Calcium. 

Chloride of Akhonium is added, as in the case of Group iil, to prevent the precipitation of 
Magnesium, as it would not be completely thrown down by carbonate of ammonium. 

Htdratb of Ammokiuk is added, previously to the group-reagent, to ensure against an acid 
solution. 

The pi*ecipitation will be facilitated by the application of heat. 



ANALYSIS OF PRECIPITATE PRODUCED BY CARBONATE OP AMMONIUM. 



Barium. 



Calcium. 



Btronttom* 



The JUtrate, which may coatain members of the sizUi groap, is set aside 
for further examination. 



The preeipitaU/ia washed, dissolved in hydrochlorio aoid, and Barium 
s^fMurated as fluoeilioate by fluosilicic acid and alcohol. The whole of the 
Barium may be removed by taking care to evaporate sufficiently with 
alcohol and to allow time for the separation* 



If the solution to be ana- 
lysed has been treated with 
(N^4)9S, all the latter must 
be boiled off, and the solu- 
tion filtered from any 
ppt. of S. 
Add NH4CI. 
Add NH4HO. 
Then add group reagent 
(NH4), COa. 



I Filter. 

(Examine filtrate for nexl group.) 
Dissolve the ppt, in HQ. 
Add HsSifFs and agitate. 

Evaporate to dryness, 

digesting with alcohol and 

H,0. 

White ppt=BasSi.F9. 

a rater. 



Eerxtwyanide of potassium will precipitate Calcium from the remaining 
solution, on boUing. 



Test for Strontium^ in the toliUum, by sulphate of oaldnm or ozaUo acid, 
or in the solutioo evaporated to dryness, by blowpipe. 



Solution from 3. (Ga» Sr.) 

Evaporate with more 

HaSiaFp and alcohol, 

to dryness. 

Treat the residue with water. 

FUter, 

from any ppt of BagSigFp. 

Add to iotutian E«Cfjr. 

Boa 

White ppt. =CatCfy. 

3 Filter. 



Filtrate from 5. 

Evaporate to dryness. 

Test on platinum foil before 

blow-pipe. 

Crimson flame indi- 
cates Sr. 

^ttrontiiun may abo bepred^- 
tat«d from the filtrate from S^ 
l^ sulphate of caldnm or 
oxalic add.) 

10—2 
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METHOD OF ANALYSIS FOR GROUP VI. 



NO ntBOIPITATlB 



is produced in Bolations containing the members of this groap, by the reagents whioh are employed 
to precipitate members of the other groups. 

A solution in which the preTious g^up-reagents have fidled to produce a precipitate^ or the filtrate 
from the carbonate of ammonium precipitate, may contain 

Magnesium, 1 

combined with one or more add radicals. 



Ammonium, 
Potassium, 






Sodium, 

AmcoNiux will have been already detected, if present, in the preliminary examination. If detected, 
it must be expelled before proceeding to test for other members of the group. 

The behaviour of Ammonium and Potassium with those reagents employed to detect the latter 
are so similar as to render this precaution essential 



ANALYSIS OF A SOLUTION WHICH MAY CONTAIN THB MISTAIA, ICAGNESIUM, POTASSmM, 

' SODIUM, AND (AMMONIUM). 



The solation is divided into two portioiu^ A aad Bl 



Mafn^simn* ^ Magneanm may be detected in this portion by phoephate of eodimn 

in preeeaoe of hydiste of ammoniam. Time mwt be allowed for the nept^ 
ration of the Magoeriom salt^ as the precipitate alwajs fonni with diffiooltj. 



^ititg^^fiiyiw- B. This portion of the solntion is eyiporated to diynen, and the 

residue ignited, until all fnming oeaaee, to completely expel ammonia. 

The characterisiio reaction with hjdroohloiic add will detennine thia^ 
ai4 at the nme time identiQr the preeenoe of ammoninTn, 



The residne is treated inih a email quantity of water. Potaestum is 
flSOYflrted into ohloro-platinate by the addition of hydro-ohloro-platinio aoid 
(bi-chioride of platinum) to the aolutiouy together with lome aioohol to 
promote ptedpitation. 



The remaining Bolntion oontains the Sodium salt. 

The aolution may be eyaporated to dxynees, and Sodium teited for in 
the reeidae, before the blowpipe. Care must be taken to have the platinum 
wire or foil paficUy dean, as even moiiture from the fingers may impair 
the delieaoy of the reaction. 



Sodium. 



Divide adutioii into two 
portions, A and B. 



Add NH^HO, 
and Na.HP04. 

well and allow to 
stand some time. 

WUt6ppt=M^NEiP04 



B^ Evaporate to dzynesa 

Ignite^ 

nntH all fuming oeaeea 

(Test fumes with HCl on a 

glass rod.) 

Add to residue H|0. 

I..«i«. •■•■•• J?Uwhr 

pfnennssaTy). 

Addtoso^HlMa 
HCl and HPtCl,, 
and some aloohoL 

Yellow ppt "EPtCLi 
s rater. 



Slltrate from s. 

Evaporate to diynsss. 

Test on platinum wire 

before blowpipe. 

Yellow flame indicate! 
Na. 



PART IV, 



SYSTEMATIC COURSE OF ANALYSIS 



ACID RADICALS. 
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ANALYSIS OF A SALT OR MIXTURE OF SALTS FOR ACID RADICALS. 

The Coarse of Analysis (as in the case of basio radicab) is divided into three stages, or series of 
processes. 

Many of the roles laid down, as affecting the systematic oonrse for basic radicals (pages 60 and Gl), 
are no less applicable to and important in the present course for acid radicals. 

Certain special features demand attention, as an introduction to the course detailed in this Fart 

I. The preliminary examination. (The substance under analysis being in the solid form.) p. 82. 

The decompositions effected on submitting a body to a high temperature^ either alone or with certain 
concentrated acids, chiefly hydrochloric acid, nitric add, or sulphuric add, and the characteristic colour, 
odour or reactionB of the substances which result from such decomposition, are relied upon to detect 
the presence of individual add radicals. 

More importance is attached to the results of a preliminary examination, as serving to reveal the 
presence or absence of acid radicals, than in npigned to such an examination in the case of basic radicals. 
This arises from the nature of the reactions of add radicals with reagents in solution. 

The presence or otherwise of certain acid radicals will be determined by the cautious observer 
during the preliminary examination for basic radicals. 

ni. The proeeas of >oliitiqiL 

The explanations already offered upon this part of the analytical course apply in this placa When 
it is necessary to resort to the action of an acid in order to effect solution, it will usually be found 
most advantageous to employ nitric acid (as this acid forms no insoluble saltQ). 

III. The application of reageiitB to the sotuiioiL 

The first thing which claims attention under this head is the preparation of the solution to be 
examined. This preparation becomes necessary, since if certain bade or add radicals are present in 
a substance under analysis, and are allowed to remain in a solution, the application of certain reagents 
would lead to results different from those which would be anticipated. Thus, the presence of carbonic 
acid might lead to the formation of a predpitate, where this result would not only not lead to the 
detection of the carbonic radical itself but falsify other results which are looked for. In like manner 
the presence of any bade radicals, ^ocept poUusium, sodium^ or ammonium^ would frequently cause 
predpitation in a solution, instead of neutraUsation merely, when hydrate of ammonium was employed 
as a reagent. Ammonium, again, must be excluded, in consequence of the solvent action which many 
of its combinations, especially the chloride, exercise upon salts which it may be dedrable to obtain 
in an insoluble form. 

In the examination for add radicals the reagents employed do not effect separcOion of the add 
radicals, to the same extent as was the case with bade radicals. The reagents only serve to identi/tf^ 
as a rul^ the presence or absence of individual radicals. The results of the application of general 
reagerUa may be regarded as affording so many hints or dues, determining merely the sdeotion of 
a series of special and confirmatory tests. It would be useless therefore to apply a general reagent 
to iOieJiUrcUe from a predpitate thrown down by another general reagent, in a manner similar to 
that adopted in analysing for basic radicals. The three general reagents, chloride of barium, nitrato 
of silver, and ferric chloride, employed in the. present course, are to be applied to fresh portione q/ 
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the sdtUumf prepared as directed on page 83. In some instances even the use of a solntion prepared 
in snch a manner is proscribed; some special tests are applied to the original solution* It is clear 
that great economy in the use of material is onBimtinJ, where the solution to be analysed has to be split 
up into so many separate portions. 

The methods for the analysis of acij^ radicals, given in the following pages, are subject to many 
modifications dependent on the results of previous examinations. These results are chiefly — ^the nature 
of the basic radicals found in the solution — the solubility of various salts (an aqueous solution which 
contains barium would not be examined for sulphuric acid, as sulphate of barium is insoluble; a 
solution in which sUver has been detected could not contain hydrochloric add) — ^the reactions of a 
solution with vegetable colours. 

Thus it happens that much forethought^ oaotioni and judgment are requisite fm. the part of the 
analyst who wishes to attain success without sacrifice of time and material, when an examiaation for 
acid radicals is undertaken. 
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PBELDONASY EXAMINATION. 

(ACID RADICALS.) 



Ezp. L 
A poartion of tlie powdered sabrtaaoo Is lieaAed In » 

OlaM tube open at both ends, 

and held oUiqiiely in the flime. 



Ezp. IL 

i A portion of tbo powdered nibetance is tnated with 3 or 
4 times its balk of 

DUute Hydrochlorlo acid, 

avoiding heat. 

IL The above mixtme is heated 
(only oantioiisly if a ohlorate is present).. 



Results of this experimenti as in Exp. I. 
Basic radicals, page 6a. 



An odorous, yellow ipm is evolTed. 

The gas eiqilodee in contact with flame. 
(ike reacUong in ii. may aUo he tib$erv€d kert.) 



The escaping gas is inodofovti and pred- 
pitates lime-water. 

Odour of hydrocyanic ae&d. 

Odour of hydrosnlphiuic add gas. 
Odour of bnraing sulphur. 



Eydlutioi^of red fbmes (in presence of copper). 



Chlorate. 



Carbonate. 

ppnideu Ferricyan- 
ide. 

Sulphide of an alkali, 
alkaline earth, iron, 
manganese or anc 

Snlphiteu Hyposul- 
phite (or from de- 
oxidation of sulphu- 
ric add). 

Nitrate. 



Exp. UL 

A portion of the powdered subitanoe is heated, neariy to 
boiling, with 3 or 4 times its bulk of 

Oonoentrated Bulphiirlo aoid. 

COimBllATOBT TBsm 
foradd- 



Cbloiine. 



CjaBOgOIL VMOurs passed into solution of KHO ; add 

¥eJS04 and FeiCls; diseolye any ppt in 
BGl-hluejfipL 

SoIphnrOllS Otm passed into sohition of bichromate of 
- ^ - - ' potaanum^-^reen eoUmr, 

Substance heated with HjSOa+KCtOs; fumes 
condensed; KH4HO added to condensed 
liquid — ffeilow odour. 

Acetic add and AgNQg added to this — 
cri$nionppt. 

(Sulphide). Pi^r moistened irith acetate 
of lead held over gas — black ppt. 

Substance heated with HflS04 + alcohol; 
acetic ether evolved — aromatic odour. 

Substance + H^04 + crystal of VeJAO^— 
brown ring round cryttal. 

SubBtance + H^O^ + eand ; products con- 
ducted into water — gelatinotu ppt 

Substance in solution + solution of gelatine— 
white riecout ppt. 

Substance in solution -fexoess of hydrate of 
caldum — white ppl» on boiling, diuolving 
wkeneooL 



Snlphiir. 
Acetic 

tadioaL 

Nitric 

ladicaL 

Flaorine. 



Tannic 

radioaL 

Citric 

radicid. 



No blackening of the mixture. 

EflEervesoence^ irith evolution of gases. 
GUs bums with a blue flbme. 



has odour of bnnung sulphur. 



gives white fumes in contact with 
hydrate of am. on a glass rod. 

has odour of hydroeulphuric add gas. 
has an aromatic odour. 
Coloured vapours are evolved. 

Red-brown ; pungent odour ; colour 

starch-paste, orange. 
Violet ; colour starch'paste, blue. 
Greeniah-yellow; detonate. 
Red. 
Colourless gases axe evolved. 

Oas kindles burning wood. 
Pungent fumes are evolved. 

Fumes give film of nlicic acid on 
wet glass rod. 
Crystals, as scales, appear in the solution, 

on cooling. 
JBlackening of the mixture. 

Indicates presence of a non- volatile 
organic acid. 

Odour of burnt sugar ; evolution of 
carbonic oxide which burns with 
blue flame. 



Oxalate. Cyanide. 
Ferricyanide. 

Fezrocyaoide. Sul- 
phocyanide. 

Sulphite. Hyposul 
phite (or from de- 
ozidation of sulphu- 
ric acid). 

Chloride, (except of 
Hg, Ag, Pb and 
Sn.) 

Sulphide. 

Acetate^ 



Bromide. 
Iodide.' 
Chlorate. 
Nitrate. 

Chromate. 

Fluoride. 
Boratsi 



Tartrate. Citrate. 
Tannate. GalUte. 



Tartrate. 



* It is intended that the evidence furnished by the results of Exp. III. should be followed up by employing these 

confirmatory tests. 
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PREPAKATION OF THE SOLUTION WHICH IS TO BE EXAMINED FOR 

ACID RADICALS. 

Hydrochloric cieid. 

If, on examining for basic radicals, the original solution was cund or neutral, and Casbonic acid 
was detected (by effervescence and reaction with hydrate of calcium), boil the solution to be pre- 
pared (a similar one to that used in the analysis for basic radicals) with hydrochloric add, in order 
to expel all carbonic acid. 

If carbonic acid was not detected, this step may be omitted. 

If the origiual solution was alkaline, the addition of hydrochloric add might indicate the probable 
presence of one or more of the following acids, if present : 

Carbonic acid, Hydbosulphubig acid, Hydboctanig acid, Silidc add, Hyposulphurous add, 
Hydroferrocyanic acid. Benzoic acid. 

If Silver, Lead, or Mercury were present in the original solution, these will be here predpitated 
by hydrochloric acid, and must be removed by filtration. 

Hydroeulphuric add 

Through the remaining part of the solution pass hydrosulphuric add gas. The following, if present, 
will be decomposed and their presence rendered more or less evident : 

SuLPHUBOUS ACID (in an acid solution), Iodic acid (reduced to iodide)^ page 64. 

The presence of Tin, Antimony, Arsenic, and Chromium, as acid radicals; would be revealed by 
the action of hydrosulphuric acid, when testing for basic radicala 

Remove, by filtration, any. bodies predpitated by hydrosulphuric add. 

Sulphide of Ammonium, 

If any members of Groups III. and lY. (Bade radicals) were detected during the examination 
for bade radicals, precipitate them by sulphide of ammonium and remove. 

Carbonate of Sodium, 

After boiling well, to expd all hydrosulphuric acid, add to the solution carbonate of sodium in 
some quantity. All bade radicals, except Potcufrium, Sodium, and Ammonium, will thus be predpitated 
and must be removed. 

HydraJte qf Fotaseium, 

If Ammonium has been detected in the previous analysis, boil the filtrate from the carbonate of 
sodium precipitate, with hydrate of potasdum, until no ammonia is evolved. 

Test the solution, thus prepwrei, unth test-paper. 

Bender it neutral by hydrate of ammonium or by nitric add, as may be required, taking care 
to exercise extreme delicacy in bringing it into this condition. 

The prepared solution may now be examined for add radicals, according to the plan detailed in 
the following pagea 



11 
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BEHAVIOUR OF ACID RADICALS AND 



Gronpl. Sect I. 

Sulphuric add 
Hydrofluoflilicic add 

Sect. II. 

Garbonic acid • 
Silicic ff 
[Hydrosulphuric „ ] 

Sect. III. 

Phosphoric add 
Boradc „ 
Oxalic „ t 

Hydrofluoric „ 

8wt.IV. 

Ghroinic add 
Sulphurous add . 
Hyposulphurous aoid 
Iodic I, 

[Arsonious and arsenic adds] 



I. 
a. 



Ohloride of Barium 

in a neutral solution. 



5. 
6. 

7. 

8. 



9- 
10. 

II. 

I a. 

13. 



Group n. Sect. I. 

Hydrodilorie add . 
Hydrobromio f, • • 
Hydrocyanic „ . • 
Hydrof erricyanic add . 

Sect. II. 
Hydriodic add • • 
Hydrosulphuric add • 
Hydroferrooyanic add . 
Hydrosulphocyanio „ 



Group III. 



Nitric add. 
Chloric „ 



Obganio Acids. 



Group I. Tartaric add 
Citric 



i> 



Group II. Succinic add 
Benzoic „ 
Tannic 
Gallic 



t9 
If 



Group III. Acetic add 
Uric 



if 



I. 

2. 



5- 
6. 

7. 

8. 



3. Carbonate, white . jsol. in HCL with 

4. Silicate J white. { decomposition. 

5. Phosphatej white . fsol. in HCl. 

6. Borate, white . I without 

7. Oxalate, white . ] decomposi- 

8. Fluoride, white . [ ^^^ 

9. Chromate, pale-yellow . (add solution 

10. Sulphite, white . J decomposed 

11. Hyposulphite, white . Jby hydrosul- 
11, lodate, white . [ phuric acid. 



Not predpitated. 



I. 
a. 



f. 

3- 
4- 



I. 
1. 



I. Tartrate, white. 
^' Citrate, white. 



3. Tannate, white. 

4. Gallate, white (only partially). 



3. Urate. 



Nitrate of Silver 

in an acidified solution. 



4. White, from a neutral solution. 



5. Yellow, from a neutral solution. 

6. White, „ n 

7. White, „ n 



g. Crimson, from a neutnd solution. 



13. (See Tables for Basic radicals.) 



I. Chloride, a. white r Bol. in 
a. Bromide, a. white-yellow J hydrate 

3. Cyanide, o. white ] of am- 

4. Ferrioyanide, «• orange l^monium. 

5. Iodide, o. pale-yellow \ ingol. in 

6. Sulphide, a. black I hydrate 

7. Perrocyaiiide,a.white> of am- 

8. Sulphooyardde, «. », Jmonium. 



Not precipitated. 



I. White, from a neutral solution, 
a. White, „ „ 



a Also predpitated by nitrate of allTer from a 
net^Croi Bolation. 



/ 
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THEIR SALTS WITH GENERAL REAGENTS. 



Ohlorido of Calcium. 



5. Ph08phate| cu white (80I. in aoe- 

6. Borate, a. white ( tic add. 
7- Oxalate, a, white j insol. in 
8, Fluoride, a. white ( noetic add. 



Ferric Chloride 

in a neutral Bolntion. 



5. White. 



Not prec^tated. 



<• Tartrate, whitei sol in kho. 

4- Citrate, p. white. insoL in KHO. 



4. Coloration, green. 



7. Bine; 

8. Coloration, deep-red. 



Not precipitated. 



i ^is^sXTr^': "^ •»•-"«-• 



1* Succinate, red-brown. 

a. Benzoate, baff. 

3* Gtallate, bluiah-black. 

4. Tannate, hkkb-bi&ck. 



I- Coloration, deep red. 



Detected along with Basic radicals. 



Set free with effervescence 
by HydroMmc acid. 



3. Ppt with CaHO. 



3. Odonr. 



6. ( Blackens paper 
< moistened witii 
( acetate of lead. 



Deoomposed by 
Hydrowlphuric add 
in an acid solution. 



9. I Green solution with 

( separation of sulphur. 

10. Separation of sulphur. 

"• }i ft 

la. Beduction to Iodide. 
13. (See Basic radicals) a. 



a These adds are oonTerted 
pj HsS into their oorrespond- 
mg sttlphnr adds, and are 
detected and separated in the 
process for basle ladicala. 



11—2 
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METHOD OF ANALYSIS FOR GROUP L 

(INORGANIC AND ORGANIC ACIDS.) 



CHI.ORIDE OF BARIUM 

precipitates from a iMfuJt/ral solution, 

Sulphuric acid, Phosphoric acid, 

Hjdroflubsilicic acid, Oxalic acid, 

(Silicic acid), Hydrofluoric acid, 

The other members of this Group (page 42) will, if present, have been detected daring the course 
of analysis for basic radicals, or during the preparation of the solution before examining for acid 
radicals. 



Boracic acid, 
Tartaric acid. 
Citric acid. 



it is most effectually rendered neutral by ev^poiuting until the 
ith litmus-paper. If acid, hydrate of/otnwionnim is employed to 



Silicic acid will be precipitated, if not previously detected and removed. 

Care must be exercised to have .the solution perfectly netUrcU before adding chloride of barium. 
If the solution was originaIlylM|pdiffis, 
solution shews no alkaline reaction with 
neutralize. 

Borate of Barium, Tabtrate of Barium, and Citrate of Barium are soluble in salts of ammo- 
nium. If the solution, previously acid, has been neutralized by hydrate of ammonium, the non-formation 
of a precipitate with chloride of barium will not indicate positively the absence of Boracic acid, 
Tartaric acid, or Citric acid, in consequence of the possible formation of chloride of ammonium. 

If chloride of barium produces a precipitate, the presence of Sulphuric acid, Hydrofluosilicic 
ACID, or Phosphoric acid, can only be inferred with any certainty. 

If chloride of barium fails to produce a precipitate, the absence of Sulphuric acid, Htdro- 
fluosilicic acid, Phosphoric acid. Oxalic acid, or Hydrofluojiic acid, can only be cei-tainly 
inferred. 



Sulphuric 
acid. 



ANALYSIS OF PEECIPITATE PRODUCED BY CHLORIDE 
OF BARIUM IN A NEUTRAL SOLUTION. 

The precipitate it collected, washed, treated with hydrochloric acid in 
slight excess, and boiled gently. 

Sulphate of barium and Fluonlicate of barium are insoluble in hydro- 
chloric acid ; the barium salts of the other add radicals are soluble in this 
aoid. 

The insoluble residue may be rendered soluble in water by fusion with 
carbonate of sodium and nitrate of potassium. Acetic add is added to the 
aqueous solution, and then chloride of caldum. 

Sulphate of caldum is insoluble, but Fluosilicate of calcium is soluble, 
in acetic acid. This insolubility indicates the presence of the Sulphuric 
radical 



HydroflUO- The presence or absence of the Fluosilidc radical in the acetic acid solu- 

BlUClC acid, tton may be determined by the "etching test" (page 44, III.). 



The solution u neutral. 
Add Bad. 

T Filter. 

Wash ppt. 
Add HCl to iJfil. 
Boil gently. 
7 Filter. 

(Examine flUrate as on next iMge.) 



Residue from a. 

Fuse with NajCOg + KNOg. 

Digest with HtO. 

Add HC,H,0,. 

Add CaCl. 

3..... Filter. 

Insolnble residue 

indicates 
presence of 

Solpharic acid. 



Filtrate from 3. 
Heat with coikA, HfSOf. 

Dense fumes 

which etch gkuB 
indicate the presence of 

Hydrofluosilicic acid. 



\ 
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METHOD OF ANALYSIS FOE GBOUP L (oohtimukd). 



Phosphorio 
acid. 



The filtered hydrochloric acid solation is treated with hydrate of ammo- 
nium. 

Fhoephate, Oxalate, and Fluoride of barium may be re-precipitated. 
Borate, Oxalate, Fluoride, Tartrate and atrate of barium, and possibly 
Silicate of barium, may be contained in the solution. 

(If no re-precipitation occurs, the absence of Phosphoric add can alone 
be afiSrmed with any certainty.) 

The predpUtxte is re-dissolyed in hydrochloric add, bdled with carbonate 
of sodiunv to convert into sodium salts (if necessary filtering from any pre- 
cipitate of carbonate of barium), and re-predpitated as caldum salts by 
adding chloride of caldum. 

Phosphate of caldum is soluble in acetic add. After adding acetic 
acid the solution may be tested for the Phosphoric radical by (erric chloride 
or molybdate of ammonium (page 46). 

Oxalate or Fluoride of caldum may be thrown down along with the 
Phosphate. They axe insoluble in acetic add. 



>)^ Oxalic acid. One portion of the insoluble remdue may be tested for Fluorine by oon« 

oentrated sulphuric add (page 47). 

^^ Hydro- Another portion, for the Oxalic radical, by concentrated sulphuric acid 

/VflUCXiC acid, mid biuoxide of manganese (page 47). 

The filtrate from the hydrate of ammonium predpitate, or the solution 
in which that reagent has failed to produce a predpitate, may contain 
Borado add, Oxalic add, Hydrofluoric add, Tartaric add. Citric add, or 
Silidc acid. 

The solution is divided into two portions. 

(Silicic acid.) '^' ^^^^ portion is evaporated to dryness, treated with hydrochloric 

acid and water, and again evaporated, in order to convert any Silidc add 
into insoluble silidc anhydride. 

The solution which remains after this operation is divided into three 
portions. 



Boracic 
acid. 

Hydro- 
fluoric acid. 

Oxalic acid. 



a. Test for the Boradc radical with turmeric paper (page 46, note a). 

b. Test for Fluorine, by means of concentrated sulphuric add and 
sand, or by the " etching test " (page 47). 

e. Test for Oxalic add, with concentrated sulphuric add, and binoxide 
of manganese (page 47). 



B. Thii portion of the solution is treated with a small quantity of 

hydrate of potasdum, in order to decompose any chloride of ammonium 

which may have been formed (page 55, notes a). Chloride of caldum is 

Citric acid, then added, and the whole boiled. After allowing to cool, more hydrate of 

potassium is added. A predpitate indicates the presence of the Citric radi- 
cal, since citrate of calcium is insoluble, whilst Tartrate of calcium is 
soluble in hydrate of potasdum. 



Filtrate from 7, 
preceding page. 
Add XH4HO. 

Filter. 



Residue from i. 

Dissolve in HCl. 

BoU with Na^Oa. 

(FUter from any ppt) 

Add CaCl. 

Add HC1H.O,. 

2 Filter. 

Add ¥etCi9 to filtrate. 

White-yellow ppt. 
=(Fe,)jP04P 

or test wUi/molyh. Am, 



Reddue from 2. 
Divide into two portions. 

A. Heat with cone*. H8SO4. 

Dense fames =HF. 

Fumea etch glau, 

B. Heat with conc<^. 
H,S04 + Mn,0.. 

Effervescence 

indicates presence of 

Oxalic acid. 



Tartaric 
acid. 



Test the filtered solution for the Tartaric radical, with a crystal of nitrate 
of silver (page 55, note a). 



Filtrate from i, or 

solution after adding 

NH4HO. 

Divide into two portions. 

A. Evaporate to dryness. 

Add HCi and HgO. 

Evaporate again. 

3 Filter. 

Residue ^SiaOs- 

Divide solution from 3, 
into three portions. 

a. Test with turmeric paper. 

Bed coloration 

indicates preseuoe of 

Boracic acid. 

6. Heat with conc<^. HgSO^ 
+ sand. (p. 47, VI. ii.) 

Deposit of Silica 

indicates presence of 

Hydroflaoric acid. 

c. Heat with conc^. HsS04 
+ MnsO^ 

Effervescence 

indicates presence of 

Oxalic acid. 



B. Add a little KHO. 

Add Caa. 

Boil. 

When, eooly add EIHO. 

White ppt. = CaflCflHftOr. 

Citric acid. 

4 FUter. 

Add NH4HO tofiltraU. 

Add crystal of AgNOs. 

Heat gently. 

Metalli^)ulver 

indicates presence of 

Tartaric acid. 
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METHOD OF ANALYSIS FOR GROUP n. 

NITBATE OF SILVEK 

precipitates from an acid solution (acidified with nitric acid), 

Hydrocliloric acid, Hjdriodic acid, 

Hydrobromic acid, Hydroferrocyanio acid, 

Hydroferricyanic acid, HydroBolpliocyanic acid, 

Hydrocyanic acid. 

Nitrate of silver also precipitates many other acid radicals, if the solution is not decidedly acid 

If the addition of nitric acid before nitrate of silver produces any precipitate, this will be due 

to the presence of certain acid radicals of the first Group. The precipitate may be filtered off and 

neglected. 

ANALYSIS OF PKBCIPITATE PRODUCED BY NITRATB OF SILVER IN AN ACID SOLUTION. 



Hydriodic 
acid. 



The precipiiate is treated with dilate nitric acid, to ensure the removal 
of all adds except those belonging to this group. After filtering, the preci- 
pitate is treated with hydrate of ammonium and heated. This operation 
serves to separate the group into two sections. 

The residue may contain Hydriodic acid, Hydroferrocyanic acid, or Hy- 
droBulphocyanic add. 

The solution may contain Hydrochloric add, Hydrobromic add, and pos- 
dbly Hydrocyanic acid. 

A portion of the residue is heated with concentrated nitric add. Hy- 
driodic acid will manifest its presence by the violet vapours of iodine which 
accompany the deoompontion. 

[If Hydriodic acid is detected, it will be necessary to test a portion of 
the original solution with a view to determine whether iodine existed in the 
form of iodide or iodate. They are distinguished by the difference in the 
reactions with concentrated sulphuric add, since an iodale does not evolve 
free iodine when heated with this add (pages 49 and 5J^.] Ai, 

HydrOBUl- Hydrbsulphocyanic add yields a yellow preeipUate when heated with 

pbocyanic concentrated nitric add. 

acid. 

Hydroferro- 'Hie remaining portion of the residue is boiled with hydrate or carbonate 
cyanic acid, of potassium or sodium, to convert any ferrocyanogen into soluble feiro- 

cyanide of potasnum or sodinm. The radical may then be sought for 
according to the plan given in note 7, page 53, or with ferric chloride (in 
the latter case previously adding some hydrochloric add). 



(Iodic acid.) 



The solution is rendeced 

acidf 

by adding HNO,. 

(Filter any ppt and neglect it) 

Add AgNOs. 
[ Filter. 



Residue from r. 

Add dilute HNO.. 

2 Filter. 

Add NH^HOto 19)1. 

3 Filter. 

(Examine filtrate aeon next page. 



Divide residue into two 
portions. 

A. Heat with conc^. HNO3. 

Violet vapours = I. 

(Examine original solution for 
Hydriodic and Iodic add.) 

Tellow ppt. 

indicates presence of 

Hydrosulphocyanic 
acid. 

B. AddKHOorNaHO 

or 

K,CO, or NaaCQa. 

Boil 

Add to solution HCL 

Add Fefil^. 

Blue ppt. =(Fe.),(Cfy)a 

or 

test as in note y, page 53 

for 

Hydroferrocyanic acid. 
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Hydrobro- 
mic acid. 

Hydrochlo- 
ric acid. 



ulc 



HTdrocy- 
Lc acid. 



Hydroferri* 
cyanic acid. 



METHOD OF ANALYSIS TOE GROUP II. (oontinuto). 

The ioluUon (after adding hydrate of ammonium to the nitrate of silver 
precipitate) may oontain Hydrochloric add, Hydrobromio add, and possibly 
Hydrocyanic add. 

(Hydrocyanic acid will probably have been conyerted into a snlphocy- 
anide, and ferricyanogen into ferrocyanogen by the action of hydrosnlphnric 
acid, in preparing the solution.) , 

The solution is treated with excess of nitric add to re-predpitate as sU- 
ver salts. 

The prtcipitate (after washing by decantation) is ignited in a crudble, in 
order to decompose the Cyanogen compounds of sUver, the silver being 
thereby reduced to the metallic state. The odour during this operation will 
probably lead to the detection of Cyanogen, if it ib present. 

The fused mass is treated with boiling dilute nitric add. 

The solution will contain nitrate of silver, and if now hydrochloric add 
is added, a precipitate will indicate the previous presence of Hydrocyanic 
add or Hydroferricyanic add. 

Any reddue, after fusion, may oontain the radicals Chlorine or Bromine. 

This residue is fused again with carbonate of potassium and sodium, 
and dissolved in water. 

One portion is treated for Bromine by means of sulphuric add and 
starch-paste (p. 50, IV. i.). 

If Bromine u preaent, another portion is tested for Chlorine, with sul- 
phuric add and diromate of potasdum (p. 50, IV. ii.). If this latter course 
becomes necessary, it will however be advisable to operate with a portion of 
the ori^nal solution. 

Jf Bromine is ahtent, the residue can only contain Chlorine, and further 
examination becomes unnecessary. 

A special examination of a portion of the original toiuUon must be 
undertaken, if the presence of Hydrocyanic acid on Hydroferricyanic acid is 
suspected. The former may be detected by the reactions with sulphide of 
ammonium (p. 51); the latter by the negative results viien testing for 
Hydrocyanic add with sulphide of ammonium, and the reactions on subse- 
quently adding feiroua sulphate. 



Filtrate from 3, 

preceding page. 

Add excess of HNOs. 

I FUter. 

Wash ppt. by decantation. 

Ignite the ppt. 

(Observe if any odour.) 

Add to fused mass HNOs. 

a Filter. 

Add HCl toJUtrcOe. 

White ppt = AgCl 

indicating presence of 

Cyanide or Ferricyanide 

of silver in previous ppt. 



Residue from a. 

Fuse with NagCOa + KjCOg. 

Dissolve in H^O. 
Divide into two portions. 

A. Add conc^. H9SO4 and 
some starch-paste. 

Heat. 

Starch-paste coloured 
yellow 

indicates presence of 

Bromine. 

B. If Bromine is present. 
Evaporate (or portion of the 
original solution) to dryness. 

Heat with conc^. H^04 

+ KCr0a. 

Condense vapours. 

Add NH4HO to liquid. 

Yellow colour 

indicates presence of 

Chlorine. 

Acetic acid gives a 

crimson ppt. with this 

yellow solution. 



Examine spedoUv for 

Hydrocyanic add and . 

Hydroferricyanic add 

in original solution. 

Test as in page 51, III. 

for Hydrocyanic add. 

Test as in p. 5^, II. 

for Hydroferricyanic add. 
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METHOD OF ANALYSIS FOR GROUP III. 

Nitric acid, 

and 
Chloric acid, 
are not precipitated by the reagents employed to precipitate the former groups. 

SULPHINDiaOTIC ACID 

produces a yellow colour in a solution which contains one or both of these acids. 

NTltriC acid. if this coloration with a solution of indigo has taken place, the presenoe of Nitric acid is revealed by the 

characteristic reactions with ferrous sulphate in presence of sulphuric acid (p. 54, 1.). 

Chloric Chloric acid is identified by the decomposition effected by sulphurous acid, and the subsequent reaction 

acW. ^th nitrate of silver (p. 54, IV.). 



METHOD OF ANALYSIS FOR GROUP II. 

(ORaANIO ACIDS.) 

FERRIC CHI.ORZDE 

precipitates from a iMUtral solution, 

anr^ni Ir* a^IH mmI 1^ t ^^*'*'™^^ ^ "^^ dissolves in hydrochloric acid, with separation of oystaUine 

' Benzoic add. 



{ 



BenXOiC acid, buff. \ Distinguished also by reactions with chloride of barium and alcohol (p. 56). 

Gallic acidj ) • t ( 

I IH r bluish-black. I Distingmshedbyreaotions with ferric chloride, or solution of gelatine (p. 57).. 

produces coloration in a solution in presence of 

A^aH n tkjr\A \ { ^^^^^ disappears, if Acetic odd only is present, on adding mer- 

' . • J f deep red colour. < curie chloride, or on boiling. 
Hydroflulphocyamc acid, J I Test also for Acetic add with sulphuric add and alcohol (p. 58). 

Hydroferricyanio add. green tint. 

[Phosphoric acid (white) and Hydroferrocyanic acid (blue) may also be predpitated from a neutral solution by ferric 
chloride]. 

« 

AOIDS WHICH ARE DETECTED DURIKG THE ANALYSIS FOB BASIC RADICALS^ OB DUBING 
THE FBEPABATION OF THE SOLUTION TO BE EXAMINED FOB ACID BADICALS. 

Carbonic Acid, ] are detected by the effervescence, t>n adding the group-reagent^ hydrochloric add. The 

HydrOBUlphuriC Acidj \ characteristic reactions by which they are identified, are given on p. 85. They are 
Hydrocyanic Acid. J invariably detected when examining for bade radicals (p. 64). 

(are decomposed, with separation of sulphur, by hydroeulphuric add, if hydrochloric add 
is present Hydrochloric add causes a depodt of sulphur in the case of Hypo- 
sulphurous add, but not in the case of Sulphurous add. The latter is detected in 
the preliminary examination (p. 81). 



APPENDIX. 
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